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AEROSPACE - A CHALLENGE TO RESEARCH AND EDUCATION ; - - . 

The staff of Langley Research Center of NASA is pleased to have been 
able to assist the Virginia Polytechnic Institute in the development of 
this series of summer conferences on space activities held here at Blacks- 
burg under the sponsor ship and financial support of the National Science 
Foundation * 

This year’s program has given you a glimpse of the vast amount of 
scientific data on the space environment that have been accumulated by 
satellites and probes during the first 5 years of the space program. 

These data and their subsequent refinement and extension form the basis 
on which unmanned and manned space missions and vehicles will be designed 
to cope with the space environment. They also provide the information on 
which ground-based research facilities have been planned in order to pro- 
vide the tools with which to solve the vehicle design problems that arise 
out of the hostile aspects of the space environment. 

This evening, i should like to discuss in the light of my own expert 

■. ■ 

ence at the Langley Research Genter a problem that arises as we accelerat 
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technical progress. My experience .as originally associated principally 
with research in support of the development of aircraft, and no., more 
recently, has been concerned with research in support of the development 
of spacecraft. The problem that is becoming increasingly more pressing 
is that of developing the means for accelerating ^-effective distri- 
bution and assimilation of the newly acquired research information. I 
though that this subject would be of special interest to such a group as 

this composed largely of educators „ 

to 1926, when I joined the Langley Laboratory of th„ MCA, aircraft 

had been flying since 1903, the KACA was 1? years old, and actual research 
activity at the Langley Laboratory was only 7 years old. The charter of 
N ACA provide! that it shall study -the problems of flight with a view to 
their practical solution." Onder a time schedule essentially geared to 
the development of military aircraft of increasing performance which de- 
■ velopment proceeded from generation to generation in approximately 7-year 
cycles, a laboratory was built up which provided the aviation industry with 
the definitive; answers required to build their aircraft. Langley became a 
prime national center for the wind tunnels that provided the detail shapes 

and configurations and the air loads for structural design. 

AS World War IX approached, the Government recognised that interna- 
tional competition for leadership in aeronautics required an expansion of 
aeronautical research facilities. In 1939 ground was broken for a new lab- 
oratory at Moffett field, California, now called the Ames Research Center. 

: to the following year a flight propulsion laboratory was started at Cleveland 

Ohio, and now called the Lewis Research Center. As 'each new center was started 
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a nucleus of key people left Langley to staff the new centers, Langley, 
too, was expanded to meet the threat of war which came in December 1941 e 
During World War II, a peak in the LRC staff was reached as the u- 
pique facilities there were used around the clock to keep pace with war- 
time development s, During this period, although wind-tunnel activities 
dominated the Langley scene, adequate programs of research in aircraft 
structures, flight loads, and aircraft operations and hydrodynamics were 
pursued that maintained a broad base of knowledge in the entire field of 
aircraft design. 

The stream by which the research effort of these laboratories was 
brought into the engineering community Was by means of conventional tech- 
nical notes and reports, supplemented by an annual inspection of facilities 
by aircraft executives and engineers. After World War IX the pace of re 
search activities and application had increased so that a major problem 
existed of getting research results to the potential users, Ihe time de- 
lays inherent in preparing reports for publications and the assimilation 
and organisation of the material by a few people inside each major aircraft 
company for use by the practicing engineer became unacceptable. As a solu- 
tion to this problem there were held at frequent intervals special conferences 
which organized and presented to the industry the latest findHigs in broad 
areas of aerodynamics, of structural design, of aircraft loads, of flutter, 
and other areas of specialization. The written conference reports became 
guidebooks by means of which the more detailed reports, that still continued 
to flow, could be fitted into a more comprehensible whole. 


XXI -4- 


During this sas& period there was not sufficient time for adequate 
textbooks to be written for use in the schools,, lo deal with this pro- 
blem university conferences were organized for the special purpose of 
meking new research information available to the academic community* > 

There always was a small group of university professors for whom these 
conferences wer~ not' necessary because of their affiliation with research 
programs it ^Ueir respective schools or other contacts and activities. 

However , for most of the engineering teaching profession access to the 
new knowledge created by the large research laboratories was through the 
normal c hann els of technical notes and reports supplemented by the university 

conferences* 

The conference seemed to have supplied the solution of quickly informing 
the practicing engineer and the university professor of the research results 
at the level of activity established in the post World War II period* This 
level of activity did not long remain static for on October 4, 1957* the 

Russians launched the. first artificial satellite. 

Sputnik I suddenly aroused this country to the need for a greatly ex- 
panded space program*- On October 1, 1958, the United States Government 
which recognized that if the exploration and exploitation of space for peace- 
ful purposes was to he vigorously pursued, it could no longer be done independ- 
ently by several branches of the Government, created the National Aeronautics 
and, Space Administration. The NASA, although a tew agency, was composed of 
already existing and functioning organizations of the Government, among which 
the N4CA was the largest. Since World War II two new flight stations had been 
.added* one for pilotless aircraft research at Wallops Island, Virginia, the 
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other for high-speed manned aircraft at Edwards Air Force Base, California. 

The total complement of MCA was about ?<,500„ 

The Space Act of 195S consolidated, greatly expanded, and Quickened the 

pace of this nation's program of space exploration. The tm md other pro- 
grams were already under way and were laying the foundation for this tremen- 
dous expansion of activity, ' For 5 years the HACA had been participating^ 
the flight research project that resulted in jthe successful development of 
the rocket-propelled X-15 manned aircraft. The LRC was deeply involved xn ; 
developing the concept for this research vehicle, and in close support of the 
entire program of design-, construction, and flight testing. This project is 
an example of one t bat served as a focal point for an inteasive research 
effort. During the year prior to the enactment of the Space Act the LRC ' 
had formulated in considerable detail the concept for the project that later 
became known as the Mercury project. We formed a group that became the nucleus 
for the group that now forms the Manned Spacecraft Center at Houston, Texas. 

We continued to utilise our research facilities to support the Mercury project 

throughout its life, 

These examples of focal points that lend objectivity to our efforts are 
illustrative of the manner in which we continue to operate as a major Researcn 
Center of the NASA. We are supporting the Gemini and Apollo programs in many 
ways and are deeply involved in conceptual studies of a Manned Orbital lab- 
oratory that may later become an approved flight project. We have given a 
great amount of attention to the problems of lifting reentry bodies for 
application to the Dyna-Soar X-20 project or possible space ferry vehicles. 

In’ response to the research needs created by these new space flight systems.. 
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and of space vehicles not yet defined as part of KASA's official program, 
the face of Langley Research Center has changed. A hard core of wind tunnels 
still remains to pursue the aeronautical development program that is ex- 
emplified by the Supersonic Transport Which will fly in commercial service 
at speeds of 2,000 mph, but to them there has been added a complex of new 

laboratories. 

High-temperature wind tunnels exist for structural tests with stagna- 
tion temperatures as high as 3,500°!?; also arc heating jets which are capable 
of producing temperatures as high as 15,000°E_.to test materials to be used to 
protect reentry vehicles, and a host of vacuum chambers ranging in size from 
a few cubic . feet to a few tens of thousands of cubic feet in which vacuums 
approaching that of space can be produced. These chambers permit the various 
kinds of research tests to be accomplished for which the atmosphere at sea- 
level pressure would interfere; dynamic tests such as the infraction of the 
thin-walled spheres of the Echo series; separation of rocket stages; 
wave absorption in rocket exhausts; evaporation of surface films. 

LRC has wind tunnels and special devices for creating flows with air 
or special gases over a wind range of speeds and pressures. At the upper 
range of spec Is, temperatures are generated that are sufficiently high to 
excite the gas molecules so that they radiate energy in the visible and in- 
frared frequency ranges. 

Real-time dynamic simulators exist or are being built which will permit 
research to be carried out on the control problems of manned space vehicles. 
Such simulators permit research engineers to study the systems required and 
permit pilots to fly on earth those missions for which no opportunity for 
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practice exists it apace; the rendezvous of the Gemini and Agena vehicles, 
the descent and ascent of the astronauts from the lunar surface. 

lo study the effects of the nuclear particles in space, IRC is now 
building the Space Radiation, Effects Laboratory, which will be operated by 
the newly formed Virginia Associated Research Center (VARC). Energetic 
protons and electrons will be produced which can simulate the energy range 
of those found in space. This laboratory will provide the capacity to ex- 
plore the interaction of these damaging particles with spacecraft materials 
and systems. Micrometeorite accelerators are available to study the impact 
of microscopic size particles on space vehicle surfaces. 

The staff of the LRC which now numbers 4,200 people is accepting the 
challenge to exploit these new facilities in order to provide dASA and 
American aerospace industry with the new pledge to plan and to build . 
reliable space systems. But how shall all this new knowledge be introduced 
into the industry that requires it for successful operation? And, especially 
how shall it be introduced into the educational institutions which are both 
the repository for it and means by which it is introduced to the new genera- 
tions of students who are emerging? The problem is more staggering when 
one realizes that to our output must be added that of other centers and 
sources. As far as our association with industry is concerned, we are still 
making use 'of the specialized conference, hut at an increasing rate. Already 
in 1963 we at LRC have organized major conferences on shell problems of spa 
structures, manned control of space vehicles, and the design of a manned 
orbiting laboratory, and a series of smaller conferences in more detailed 
areas such as microelectronics. We are now planning for next month a 2-day 
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classified conference on the current state of knowledge on all aspects of 

the design of a supersonic transport. 

As it has always been, a good deal of this information is detailed, and 
of transitory interest, but if the fraction of it that is significant today 
as it was in the past, must we not try to discover new mechanisms for the 
transfer of this information into the scientific and technical community? 

Of special concern is the introduction of this information into the educa- 
tional system, not only for the creation of new members of the professional 
people but also for those whose knowledge must continually be updated. 

It has been suggested that one solution of this problem can be provided 
by associating educational communities close to major research centers now 
situated in many pafjs of the country. Great credit is due the educational 
leaders of the Commonwealth of Virginia, who in recognition of the problem 
of maintaining a continuing association of the non educational research 
community with education institutions have or are in process of establishing 
a new graduate center near the LRC, This center, authorised under enabling 
legislation passed in the .1962 meeting of the General Assembly, will permit 
the three major institutions of higher learning in Virginia, who are now 
engaged In graduate education and research, to operate a major laboratory 
of the Langley Research Center, and also to establish a cooperative program 
of graduate education in science and engineering. We believe that such a 
center can do much to improve the flow of new knowledge into the usual stream 

of educational activity. 

Many other things are being done and in the future many new methods and 
procedures probably will be developed to accelerate an effective distribution 
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and assimilation of the rapid flow of new research information. This is 
a matter that is receiving a great deal of attention by the NASA, but X 
would like to suggest that the advice and inventiveness of educators such 
, Chose here tonight would he of great benefit. We believe that this meet- ' 

ing here at Blacksburg serves as a very Important mechanism in dealing with 
this problem. Certainly it must serve to shorten the channel that connects 
various sources of significant new research information with the teaching 
staff of colleges and universities over a wide area. This is an important 
reason for our desire to assist in the development of the series of summer .. 

conferences on sgace activities here at Blacksburg. 

in closing, I Should like to quote from the words of a man not an engineer 

or scientist, hut a keen observer of the modern to erican scene, the President 
of- Harvard, Nathan Pusey - "We live in a time of such rapid changes and growth 
in knowledge that be who is in a fundamental sense a scholar - that is a per- 
son who continues to learn and Inquire - can hope to play the role of guide. 
Indeed, it is not too much to believe that we may now be coming into an Age 
of Scholars, for we have created for ourselves a manner of living in America 
in which a little learning can no longer serve our needs." 
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INTRODUCTION 

The capabilities of existing long-range communications facilities, already 
pressed by present demands, will be inadequate to accommodate anticipated traffic 
within the. next decade. One of the possibilities for providing the needed in- . 
crease in ccftounicatxons facilities is the satellite communications system* 

The communications satellite has the potential ability to provide long-distance 
communication at microwave frequencies* with baridwidths available permitting the 
transmission of television of many simultaneous voice messages. This can be a 
new and reliable link 'in long-distance, transoceanic telephone and telegraph \ 
communications, as well as new means for intercontinental radio and television 

transmission. 

Relay ■ . ■;■■■■■ 

Relay is a communications satellite built by RCA for the National Aeronautics 
and Space Administration. The satellite was launched from the Atlantic fissile 
Range December 13, 1962 by a Thor- Delta rocket and provided experimental 
communication links between North and Couth America, and between the Americas and 
Europe. This satellite continues to perform satisfactorily after eight months 
in orbit. A second Relay satellite will, be .- launched in late 1963. Project Relay 
has the following objectives: (X) to investigate wideband communications between 

distant ground stations}; by means of a low altitude orbiting satellite; <2} fa 
measure the effects of the space environment on such a satellite; and (3)to 
develop operational experience in the use of a satellite communications • system* . 


•<\ .O 
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Ihe satellite contains an active repeater to receive and re- transmit com- 
munications signals between stations in the United States and. Europe, and the 
United States and South America. Communications signals evaluated are an assort- 
ment of television signals, multichannel telephony, and other communications. 

A major part of this p«ect, a ground station network consisting of si* 

Relay ground stations located in the United States, South America, and Europe, 
has been developed to serve as the terminus of the communication links. This 
ground station network was developed through the cooperation of a variety of 

governments, agencies and private, companies. 

Project Relay i* also used to perform experiments which will provide the 
following information: (1) a measurement of radiation damage to critical com- 

ponents ouch as solar cells and silicon diodes, and (2) the monitoring of 
radiation encountered at the orbital altitudes. The results of these expert- 
ments are being correlated with measurements of integrated flux, and energy 
levels of protons and electrons to obtain experimental estimates of component 

lifetime* 

Communications repeater satellites present special problems to the designers 
and users of these equipments. The satellite environment (including the launch 
environment), spacecraft acquisition by the ground station, the inaccessibility 
for repairs and routine maintenance, and thermal and power supply problems impose 
special constraints on the design. Most of these problems are relatively new 
and solutions are either not readily available or not proven by experience. These 
are the principal problems that require investigation, and the experiments of 
Project Relay can provide information necessary to arrive at possible solutions. 


€ 


The communications satellite must perform a variety of critical tactics in 
order to remain operational. These tactions, as they apply to Relay, are sum- 

marized as follows : 

1. on^iatto.. -. Microwave repeaters, as such, have been operational for 
many years in overland routes. However, when these techniques are ex- 
tended for, use in satellites, limitations in size, weight, power con- 
sumption and thermal dissipation quickly become apparent. These problems 
provide the challenge for the equipment designer. Inaccessibility for 
repair places critical importance on the reliability of the circuits and ^ 
components, and the hostile environment (vacuum, radiation) requires ex- 

■ tensive consideration* 

2 . command : A series of command tactions (and a command communications link) 

must be provided, for instance, the communications system must be turned 

. off when not needed in order to conserve battery power, and other functions 

i: .lausf be executed on coiraand* at the proper times. 

3. Tracking : Beacon signals at 136 MC are provided to assist tracking stations 

in establishing the orbit, and providing tracking infom^on to the ground 
station. A microwave beacon is also -provided to assist the large ground 
station antenna (with small beam widths) in locking onto the satellite. 

4 . Telemetry : Telemetry is required in order to assess the state of the 

various satellite subsystems, and as a diagnostic aid should trouble develop. 

5 . power Supply : The power supply must provide all the primary power for the 

satellite. On Relay, the solar cells are not capable of supplying the 
peak toads required to operate the communications equipment, hence 
batteries are necessary, and, hence the communications equipment must 
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ate st a low duty factor. This, problem must be overcome in an . 
^rational system by either providing a larger solar array or using 
,ther forms of primary power generators, such as nuclear power supplies, 

5r radio isotope power supplies* 

Stabilization : The satellite is stabilized in space by spinning it around 

its (spin) axis. If this spin axis is aligned correctly in space, a 
toridal antenna pattern will provide sufficient "look angle coverage. 

Relay is spun at about 160 rpm and its moment of inertia about the spin 
axis is ten percent higher than it is about other axes so the spin is made 

■stable. 

Attitude Control: Although the spin axis is fixed in space there are small 

torques applied to the satellite which would cause the spin axis, orientation 
to change. These forces are motor torques due to the interaction between 
the earth’s magnetic field and the magnetic dipole (residual magnetism) 
of the satellite and the currents flowing through the electrical circuits 
of the satellite. Another souree of torque is the gravity gradient. The 
nodal regression of the orbit, due to the non-spherioal shape of the Earth 
causes the plane of the orbit to rotate, which, in turn, causes an apparent 
shift in the spin axis orientation. On Relay, the dominant torque is due 
to the Earth’s magnetic field, A torque coil consisting of many turns of 
ff ire is wound around the "equator" of the satellite. When the satellite 
is in the correct position, a current can be made to flow through this 
coil (on ground command) to apply a torque to correct the satellite 
attitude. Other methods of torqueing may be used (e.g., gas jets, rockets, 

plasma engi 
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The communication system used in the Relay spacecraft is composed of three 
major subsystems: (1) wideband communications, (2) telemetry, and (3) command 

control. Each active component of the communication subsystems is redund. , 
the exception of the telemetry encoder. Weight limitations precluded redundancy 

for this unit,. 

The purpose of the wideband communications subsystem is to perform experiments 
on the following types of transmission: television, multichannel telephony, high 

bit-rate digital data, facsimile, telephoto, multichannel teleprinter transmissions, 
etc. Specifically, the subsystem will provide the following; 0> television trans 
mission in either direction, between United States and European stations including 
the transmission of test signals and patterns, and a tie-in with television networks 
in the United States, England, trance and West Germany as both program sources and 
for the distribution of Relay Programs; (2) multichannel, two-way telephone service 
of 12 channels each between the United States and Europe, and between the United 

States and Brasil, and (3) multichannel, record communications service and high- 

, iTn, •bofi q r -a f-a/. and European Stations , and be" 
speed data transmission between the United State, -na *uro P 

tween the United States and Brazil. 

In addition to communications over the link, a variety of television, telephony 
and other —ications techniques can be studied at a particular ground station by 

• • ^ { - w c ration This will also allow a study to be made of the 

sanding and receiving at th*t station, in 

detailed link performance. 

The telemetry system will provide remote monitoring of the critical electrical 
parameters of all subsystems carried on board the spacecraft. In addition, either 
telemetry transmitter can be operated without modulation to provide a 136-megacycle 
carrier for spacecraft tracking operations by the NASA Mnitrack System. 
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The command control system will permit radio remote control of all switched 
functions fcr* .the spacecraft.. 

The ground station transmitter for the television and 300-channel telephony 
is a frequency-modulated 10-k» klystron with a spectrum bandwidth of 10 to 14 mega- 
cycles (Me) per second. An 85-foot parabolic antenna or a 68-foot horn will be 
need depending on the particular ground station. The transmitted power to the 
satellite is sufficient so that the system noise threshold will be due almost en- 
tirely to the satellite to ground link. For the 12 channel two-way telephone 
Circuit a 10-kw klystron with a 1 -Mc-per-second bandwidth will be used with a 40- 
foot or 30-foot parabolic antenna. The ground transmitter frequency is 1725 Me. 

The ground receivers will use a variety of front ends consisting of either ^ 

maser or parametric amplifiers. 

The satellite repeater performance is characterized by hard limiting and 
modulation index tripling. The tripling is required because of the limited band- 
width of the ground transmitter. The output power for each of the two-way tele- 
phony channels is four watts. A 4080-Mc, 200-mw beacon signal is also provided as 

a tracking aid. 

While the object of the experiments is to study the feasibility of satellite- 
type communications links, and considerable care has been exercised in the design 
of the links in order to achieve this objective, the link is not an operational 
system and the ability of various countries anj) organizations to participate rn the 

program has been dictated by the availability of equipment and tods. 

The transmission medium characteristics are being examined, these me 
attenuation, attenuation stability, phase characteristics, interference, noise, time 
and other characteristics that may be of interest. No special anomalies have 
been observed to date except for some refraction at the horizon. 
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The satellite receiver signal strength, telemetry data, and attitude are being 
correlated with ground stations performance (antenna elevation, pointing error, 

weather conditions and doppler shift) , 

EXPERIMENT AX RESULTS V . 

Pelay was launched on December^, 1962 from the Atlantic Missile Range, lu- 
xation for the launch and from the first orhit confirmed that the satellite had 
achieved the desired orbit. At the present time. Relay has accumulated almost 2000 
orbits and successfully "relayed" television, telephony and other data transmissions 

be tween North America and Europe and two-way telephony between North and South 

.. bas included the Mona Lisa dedication cermomes 

America. The programming thus far has mcluaea cn 

with President Kennedy relayed to Western Europe and Italy; a telephon message to 
Europe by the astronaut, John Glenn, a message by the Secretary of State, Dean Rush, 
^relayed to South America via the Rio ground station, a portion of the Disney Show, 
ln color and several news stories of significant interest. Many more programs are 
planned. the ground stations in North America and Europe have reported excellent 

performance and quality, thus demonstrating the wideband capability of the Relay 

. . . frOTn Sout h America has been adequate but not as 

Satellite. Programming to and from boacn am i o . 

. there (30- foot antenna and 400 K receiver- 

spectacular because of the small station there 

noise temperature). 

' several difficulties have been encountered with the Relay Satellite equipm 
r^e most troublesome has been an intermittent failure of a series power tr 
i the power supply voltage regulator which provides regulated voltage to one of the 
wideband transponders, this regulator-transistor also acts as a switch to dis- 
connect the wideband transponder when not in use. Tbe germanium transistor de- 
veloped sufficiently high (leakage current) , so that this transpond- 


after launch and could not be turned off. The batteries discharged under the 
constant high current drain and the satelKta was not useable. The leakage 
was believed to be associated with the dewpoint of the gas inside the trans- 
istor cap which was not sufficiently low to prevent ice- forming it the 
transistor at low temperature. After about two weeks the trouble cleared 
and the satellite became operational. The trouble reappeared in March 1963 
when the satellite was in partial eclipse but cleared again after several days. 
Experiments are continuing to determine the precise failure mechanism, although 
it is believed at this time that the difficulty, is" not associated with the 
space environment directly. One of the three batteries became inoperative 
during March Because of. a defective charge regulator. Due to the redundant 
circuitry used, the satellite is still completely useable except for a lower 

duty factor. 

Spurious commands have been observed frequently in the spacecraft, that is, 
equipment sometimes turns on or off without ground command. It is not yet 
established whether this 'problem is due to a fault in the satellite or to 
spurious commands caused by radiations from ground transmitters such as Air- 
■ port Radio Control,- etc. So far it has pot been possible to duplicate these 

spurious commands with ground experiments. 

Radiation has taken its toll of the spacecraft solar cell system. The 
solar cell array initially had 130% of needed capacity based on 100 minutes 
of operation a day, and the array capability decreased to about 50% of this 
/capacity after 8 months in orbit. This degradation only means that the 
operating duty factor of the satellite will have to be decreased as times 
passes* Xt is believed that the degradation is less than expected because 


AoK 1«C!S Hi an expected. The secortd Relay 
the Van Allen radiation is somewhat less than exp 

, , tc Wm v <5n1ar cells which are much more res.'.s- 

satellite has been fitted with solar ceJ * iS 

. 0 -An*\A satellite will be launched during the latter 

tant to radiation, this second satellite win 

part of 1963. \ 

FUTURE EXPERXHEOTS 

Before e commercial communications commission using satellites (either 

. altitudes) can be considered as state-of- che- 

at non- synchronous or synchro no 

.. . formed and certain techniques advanced. 

artj additional experiments must be performs* ana e 

i A __ Qatpllite and launch reliability. 
These improvements are In the general areas of satellite 

f „ oatellite system will be satellite replace- 
One of the fundamental costs of a satellite y 

nent cost including launch cost. Substantial, improvement of the mean time 
between failures (MIBB) of the satellite equipment can be achieved by re- 
gncing the complexity of the equipment, especially the satellite power supply, 
and by Judicious application of knowledge of the space environment to the de- 
slg n of components and circuits. Experience with satellites like Relay provide 

this knowledge. 

Multiple launch is another way in which operating costs can be reduced. 

This has not been attempt^ with any communications satellite as yet, primarily 
because the boosters used in these programs do not have the capability. This 
-* situation will improve when more advanced rockets become available. 

„ew types of power supplies are certainly required for an 
system. If sufficient average power were available to the satellite equipment, 

the equipment could be left on indefinitely, thereby improving the basic 

. as well as eliminating a complicated 

reliability of the equipment itself, as wex 

„ W eliminating a battery-type power supply, with all its 
command system, and eliminating « v 


m. 
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complexity, to handle the peak load. Solar cells are capable of the average 
power, but the solar arrays become large and heavy, and of course, the sat- 
ellite is not useable' during eclipse. Nuclear power, supplies now under 
development may provide the answer. 

Higher orbits with steerable anteannas and station keeping (e 0 g. 5 the sat- 
ellites are fixed in position with respect to one another) provide more coverage 
with less satellites and less average power per satellite, and as much, promise 
to be a. fruitful area for experimentation and growth. 

One can visualize a satellite communications system initially employing a 
small number of medium altitude, randomly spaced,, spin-stabilized satellites 
like Relay to provide limited communications ability for, say, the North 
Atlantic Community. As technology advances, new satellites with greater so- 
phistication in the areas named above could be launched, extending the coverage 
to other points of the glove, and reducing outage time. The system could grow 
to the stationary satellite system (synchronous) when the. technology permits* ■ 
while providing a substantial communications capability in the interim, xhis 
procedure would defer a firm commitment to the more sophistocated systems; until 
these systems were state-of-the-art* 

Of course, the exact form and timing of these experiments depends upon • 
xnany factors. Government participation in experiments, the effectiveness and, 
needs of the newly formed Gornmimi cat ions ..-Satellite Corporation, the needs of 
foreign governments and agencies, the funds available, and political consider- 
ations, all combine to complicate a situation which is already complicated in 
the technological sense. It is probably safe to state that the experiments will 
be performed, that a satellite communications system will eventually evolve, 
and to leave the time scale and the participants an open question. 
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Gentlemen, my purpose in being here today is to describe for you some of 
the NASA accomplishments and plans in the area of Tracking and Data Acquisition 
for manned satellites. I would like to begin with a very brief description of the 
Manned Space Flight Network as it was configured for the Mercury program, 
followed by a discussion of the changes that were made in the Network for the 
longer duration orbital flights of Schirra and Cooper last October and May 
respectively. Next 1 will describe how the Network performed In terms of its 
ability to provide mission operational control and in terms of its accuracy and 
its reliability. Finally, ! will discuss the augmentations planned for the support 
of the upcoming GEMINI program. 

The geographical locations of the stations in the original Manned Space 
Flight Network are shown on the first slide. (Slide 1} There is a total of 16 
stations which includes two ships: one ship in the Atlantic and one ship in the 
Indian Ocean. These stations have been publicized on TV and in the news media 
end I am sure ever/one is generally familiar with their general distribution. The 
basic rationale used in setting up the Network however, is not generally known. 

In planning these station locations and their equipment, the approach 
varied considerably from that used for scientific satellites and that used for 
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unmanned lunar and planetary missions because of the difference in mission 
requirements . These differences included the requirement for data flow and 
computations in near red time as wel l as the need for mission f! ight control 
capability and, of course, a primary consideration of astronaut safely. On 
the Mercury program, immediate tracking data was needed to determine 
initaiiy and then keep current the capsule present and predicted position 
for use in controlling critical events as well as for predicting pomfmg.direc- 
tions for antennas at all the Network stations. Also, real-time information 
transmitted from the spacecraft through the telemetry system was needed to 
monitor the physiological condition of the astronaut and the operation of the 
onboard systems in the capsule. In order to transmit the tracking information 
to the computing center at Godded Space Flight Center faithfully, in as near 
real time as possible, a ground communications network with extreme relia- 
bility was a primary requirement. From the launch and recovery standpoints, 
the launch area was, of course, fixed at Cape Canaveral. An orbital in 
clination was desired which would place the orbital flight path over generally 
more inhabited areas which would locate the recovery point after ihree orbits 
in a highly instrumented area available to deployment of sea-borne recovery 
forces. These considerations resulted in an inclination of some 32.S degrees 
which placed the reentry trajectory over the heavy instrumentation in the 
continental United States and the recovery area in the down-range area of 
r™ n „r.raL Havina decided upon an inclination and corresponding launch 
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azimuth, one of our initial goals was to locate ground stations around the Earth 
so, that we could view and contact the capsule five out of every Fifteen minutes - 
during the first three orbits. To review how the stations fulfilled specific needs, 
let us consider the Prefect Mercury flight path in relation to the network stations 
as shown on the next slide. (Slide 2) After launch from Cape Canaveral, the 
first pass occurs over Bermuda, A station at Bermuda v*fi£ -required « m extension 
of Cape Canaveral to obtain tracking data during the critical launch period when 
the sustainer engine is cut off, i.e., when insertion Into Earth orbit occurs, «&: 
order to assure data required to make the critical go no-go decision. In addition, 
it could transmit commands required should mission abort and early reentry be 


determined necessary . 

A ship was required In the Atlantic Ocean to receive telemetry and for 
groutid-air-g round communications from the spacecraft and to relay Information 


to the control center* \ v 

A tracking station was placed on the Grand Canary island to localize- 
the touchdown point by radar observation in event of abort and early reentry 
should insertion not be effected. The stations at Kano, Nigeria and at Zanzibar 
and the ship in the Indian Ocean were required for communications and telemetry 

These could cover at least two of the first three orbits, 

A tracking and command capability was needed in West Australia to make 

antipodal observation for refinement of the spacecraft orbit and to remotely 
reset the on-board timer, if necessary, for initiating retro-* rocket firing* 
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The stations at Woomera, Australia and at Canton Wand were needed for 
telemetry and communications, in addition, the Woomera station could provide 

tracking on the early passes. 

Hawaii was also required to track and have a capability of commanding 
the rotrotimer to back up the West Australia command function. 

In event of retrotimer failure and imminent failure of the astronaut to 
initiate retrofit manually, a station with a command capability was required 
at Point Arguello on the Pacific Missile Range so that this critical event could 
be covered on the completion of the second or third orbits. A similar station 
was required at Guaymas, Mexico for possible termination of the flight an the 

first orbit. 

And finally stations at White Sands, Corpus Christ i , and Eglin Air Force 
Base in Florida were utilized to maintain tracking continuity after retrofit in 
order to localize the touchdown point during the planned reentry into the primary 

recovery area in the Atlantic Ocean. 

While an attempt was made to meet the basic five-out’-oMifteen minute 

contact time, the earth's rotation of 45 degrees on its axis during three orbital 
paths requited certain compromises to be made in the total number and location 
of the stations. These resulted in gaps such as one ef approximately 30 minutes 
on the third orbit. 

Another of our goals was to use equipment of prove reliability for the 
Network stations wherever feasible. The wisdom of this choice, we feel, was 
demonstrated by the excellent successes of the tracking network in the Mercury 
program. The next slide (Slide 3) illustrates the equipments installed at each 


station . All the Manned Space Flight Network stations, except White Sands 
and Eglin, were equipped for telemetry reception on the standard UHF frequen- 
cies. General systems of this type has been used extensively in the past ana 

the techniques and equipment were well known. 

All stations were equipped with tracking radars with the exception of 
the two ship*; the two African stations and the Canton Island station. Two 
types of radars were employed in fife network for precision tracking: a long 
range tyas operation at the S-Band and the FPS-S6 type operating at C-Band, 
Three key tracking stations were equipped with both types to obtain greater 
reliability by having a redundant radar tracking capability. At the time of 
original network planning, only the S-Band type beacons had had an extensive 
flight history. Consequently it was felt extremely important to include this 
system in addition to the C-Band transponder required in conjunction with the 
f PS-16 radars. Thus if one transponder foiled, the alternate radar tracking 
complex could provide the computers with sufficient data to determine the 

capsule orbit* 

The next slide (Slide 4) pictures a typical FPS -16 radar installation. 

It has a 12-foot diameter parabolic reflecter antennc with a 4-horn monopulse 
feed system. The characteristics are listed on the next slide (Slide 5), It 
operates in the frequency range of 5400 to 5900 megacycles per second with 
a peak power output of ! megawatt. This radar provides range data with an 
accuracy of the order of 7 yards at a distance up to 500 nautical miles with a 
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capsule beacon poak power of approximately 400 wafts,. The S^Band radar has 

a I0«foot diameter dish and operates near 3000 mega-cycles* • 

' The next slide (Slide 6) illustrates an antenna installation typical of 
those used for signal acquisition as well as telemetry reception and capsule 
communications at each of the sites. If consists of an array of 4 hehcat 
elements having a gain of 18 db in the telemetry frequency range of 225 to 
260 megacycles. Two of these quad-helix arrays are arranged in 
space diversity through couplers which feed a set of preamplifiers to 
the best signal. The antennas/ coupler, and preamps are Included in the 


antenna pedestal shown here. 

The Cape Canaveral telemetry site has in addition a 60-foot diameter 
parabolic antenna which provides 26-db gain and is also used as a VHP comma 


ni cations antenna. 

Four standard FM telemetry receivers are required at each site, .two for 
diversity and two for duplication of these For reliability. IRIG standard sub- 
carrier channels 5, 6, 7 and 12 are used with an effective receiver noise 
bandwidth of 50 kilocycles. For demodulation, there are either 6 or 8 discrim 
inators installed at each site with either a 90 or 15 channel decommutator. 

In addition, all sites are provided with equipment for post-detection record- 
ing of all of the telemetered data, and real-time presentation of selected 
critical channels of telemetry information. 


The ground station and ship instrumentation for the command function also 
utilized antennas similar to that shown on this slide. In general, each station 
has three similar antennas: two for telemetry and voice reception., one of which 
is used as on acquisition aid, and a third antenna for command control and voice 
transmissions in the 500-mc frequency range. Far the command function, two 
FRW-2 transmitters are installed for redundancy, each having a power output 
of about 500 watts. The signals are tone-modulated with up to 6 tones. Men it 
receivers and decoders a r e also installed for making a permanent recording of 


smmcsnd signaling. 

One of the most critical function the world wide network must perfom. is 
rat of obtaining data and making high-speed near-real -time computations. 

( ur ; n g a flight, the tracking data from the Manned Space Flight Network 
lotions are sent via ground communications to the Goddard Space Flight Center 
n Greenbelt, Maryland, for processing. In a moment ! 'll return to the subject 
,f ground communications. The development of an extensive computer program 
was required to handle the tracking data and to make critical computations for 
the so-called "go or no-go" and retrofire and reentry decision within milli- 
seconds of tracking measurements. At the Goddard Computing Center >wo IBM 
7094 computes are installed. These operate in parallel to accept position data 
in digital form directly from the stations and perform computations for each of 
the separate flight phases: the launch phase, the oroitai phase, and the 

covery phase. 


re/- 


XXIII -8- 

The Computing Center at Goddard also houses various displays and plot 
board presentations for visual indication of capsule location, velocity, and 
st&fus of certain critical capsule systems * In the weeks preced tng a f l ight, 
the Computing Center was employed to conduct many mock flights using pre- 
pared tape data to simulate the operation of the Network. A great familiarity 
with the use of the Network for mission control was achieved through practice 
in handling simulated problems. 1 might add that data from the astronaut and 
from his reactions were not merely simulated but he was actually placed in the 
information loop For training. * 

The job of providing world-wide ground communications to link the network 
stations required an unusual amount o|»careful engineering and attention to assure 
obtaining maximum reliability. The communication circuits for transmitting data 
on Project Mercury are indicated pictorial ly on the next slide (Slide 7). Ihe 
Goddard Space Flight Center acts as the main communication terminal for all 
of the ground stations in the Manned Space Flight Network. Through this 
Center the stations are linked to. the Computing Center at Goddard and the 
.Mercury Control Center at Cape Canaveral. Giaund communications, con- 
sisting mainly of leased commercial circuits? include 100,000 miles of teletype 
circuits, 35,000 miles of telephone lines, and 5,000 miles of high-speed data 
circuits. Several of the links were duplicated via different routes for relia- 
bility. Except for launch phase data, the volume of data from the network 
stations required the use of 60-word-per-mlnute teletype circuits around the 
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wprld » This low rate was passible through use of a technique which 1 will 
describe later that involves sending summary messages from the remote stations. 
Voice communications with all the network stations were controlled from the 
Mercury Control Center and the Goddard Space Flight Center. 

Next we will consider In retrospect the changes made to the Manned Space 
Flight Network for ground support of the . 6-orblt mission of Schirra and the 
22-orbit mission of Cooper. The requirements and support for these missions 
were analyzed but this time with the experience gained on prior operation of 
the network. We had learned that we could relax the requirement for an 
average contact of five minutes out of every fifteen minutes of flight to as 
little as one contact per orbit for some orbits for the following reasons: first ? ■. 
because the network had demonstrated that an orbit could be determined with 
good accuracy with data from the first orbit? and second, the flight experience 
of the astronauts dispelled apprehensiveness about physical condition and re- 
sponsiveness when subjected to launch acceleration, weightlessness and other 
conditions of space flight that differ from the normal environment of man. 

Also, there was no question that the astronaut could pray an important role \ 
in controlling and increasing the reliability of the spacecraft system. Thus 
there was a decrease in the rate at which contacts were required to at least 
one contact per orbit, and if was determined that the existing sixteen network 
stations could meet the requirement's of the longer duration missions provided 
the two ships were judiciously relocated and a command capability was added 

to the second ship. 
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For the 6-orbit mission shown on the next slide (Slide 8), the Indian 
Ocean ship was moved westward to a location nearer Sooth Kbica. A ship 
was no longer (coated In the Atlantic Ocean but one was „taficned m , 

Pacific near the Philippine Islands as shown. This ship was 0 retired to 
have the capability of transmitting commands t^riate the retrofit sequence 
if necessary-. For Cooper's 22-orbit 34*£our mission, a ship was not placed 
near South Africa. Instead a ship was stationed in the South Pacific as shown, 
tater I will show resulting telemetry contact time obtained with this latter 

Network configuFottori* N 

As a result of the Mercury program's continued need for both a daylight 

launch and a daylight recovery, the 6-orbit and 22-orbit missions had to have 

a planned recovery area in the Pacific near Midway Island. However, these 

missions could have been terminated on orbits 1, 2, 3, or 16 and still have a 

daylight recovery because the Atlantic area was also maintained. As mentioned 

, , ,i , c *rtftnn In slalit of the o&psul© hi the critical 

previously. If is necessary that a s,ation m signr ot ^ 

„ , r j nlore The station can thus communicate 

area where ref ran re Is planned to take place, me sviw 

with the astronaut and initiate last minute ground commands if necessary, the 
ship located northeast ff the Philippines met these requirements. 

With this brief review of the characteristics and physical arrangement 
of the Manned Space Flight Network, I would like to discuss its actual use 
in performing mission control. As Indicated earlier, a mission was generally 


4|yjrkdL In terms of the s| 
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th$ network was directed, Into three phases, namely, {1} the m 
including the actual go-no-gb decision at insertion into orbit, (2) the on-orbit 

phase, and (3) the reentry and recovery phase* ; 

During the launch phase, there are a number of factors of paramount 
consideration for mission control; The operation of the booster vehicle, the 
launch trajectory, the cut-off velocity prediction; and the possible require- 
ment for early mission abort and subsequent astronaut recovery* bach of these 
factors has special needs which had to be matched by the network program for 
tracking and computing. Accurate and positive tracking of the vehlc 
the entire launch to insertion trajectory is mandatory o During the launch \ 
data Is obtained from three bracking facilities In the Cape area* These am i 
f PS-46 radar, the Azusa tracking system, and the launch vehicle radio guidance 
tracking system. Data from these three fracking systems are converted at the , 
source from analog to digital form at « rate of approximately 10 measurements 
per second of Azimuth, elevation md range. These data are transmitted in 
real time to Goddard Space Flight Center and fed into two IBM 7090 computers 
that operate in parallel to perform computations for the critical go-no-go decision 
Simultaneously, these computers continuously predict the impact paint* of 1 
capsule had there-been a requirement for abort of the mission at any time 
the launch phase. -Computer outputs drive various plotting board presentations. 
Including a specific presentation for the go-no-go decision and for the predicted 
Impact locations* Throughout the entire mission these computers generate pointing 
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informaHon for all the ground tracking stations to allow rapid acquisition of 
the capsule transmissions as it appears over the local horizon. Since the orbital 
insertion of the Mercury capsule has to take place at a relatively low elevation 
angle from the Cape tracking equipments, and since tracking from the Bermuda 
station is extremely important, redundant radars were installed at this station, 
in addition to the tracking information transmitted to the Goddard Space Flight 
Center computers for the main computation, a 709 type computer on Bermuda 


permired the vital go-no-go decision to be made by this station should difficult- 
ies with communications to the Cape have been encountered at this critical time 
The next slide (Slide 9) shows the computed parameters required for 


determining the go-no^o decision. Flight path angle, designated as gamma, 
is plotted vertically. Gamma is the angle between the normal to the local 
vertical and the spacecraft velocity vector, or stated another way, gamma 
Is very nearly the angle between the current direction of flight under thrust 
and the direction of flight were the spacecraft in circular orbit. On the 
horizontal scale velocity ratio V over Vr is plotted, where V is the velocity 
measured by the tracking network and Vr Is the vefosHy -required to achieve 
circular orbital conditions at a given altitude. The trace, of course, is 
actually continuous, however, If is plotted in three segments, each of which 
uses different seal© units both in the vertical and horizontal to emphasize ^ 
certain critical portions of the launch trajectory, which ae«^/fcr the 
seeming discontinuity. The parameters bf fl ighr path angle and velocity 
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ratio taken into account by this chart are directly indicative of whether the 
conditions for satisfactory insertion are being met during the launch phase. 

The shaded area represents the limits of variation of these particular par- 
ameters within which a satisfactory orbital insertion can be achieved. If 

* t 

the trace ends inside the shaded area a satisfactory insertion is indicated. 

If it terminates to the left of the area the spacecraft would not have achieved 
enough velocity to complete one orbit. To the right, a problem could be 
expected with heating during reentry. 

Plotboards were used to present this critical data at Goddard Computing 
Center and at the Mercury Control Center at the Cape. The Mission Director 
at the Cape required information as early as possible in advance of impending 
flight difficulties. This type of plafboui-d presentation in a manner of speaking 
tells what the computers "know* 5 as they continue to recommend a ”go u decision 
for the launch phase. This slide (Slide 10) shows the four plot-boards installed 
at Goddard. During the launch phase the go-no-go plot is normally presented 
in duplicate on the two center boards while the remaining boards are used for 
other selected plots. What is presented on the charts may be selected (Slide 11) 
at the console shown here in the foreground so as to best match the needs for 
mission control during each phase of the flight. The Mercury Control Center 
at Cape Canaveral shown on the next slide (Slide 12) also made use of the 
Goddard Computing Center data to feed the similar plot-boards shown here 
to the right of the screen, in addition, during the launch phase telemetry 
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informed? on on the condition of the astronaut and capsule systems was tretns- 
mltted to the Control Center for observation by the flight controllers at the 

consoles shown In the center of the control room. y ... 

The Network tracking support for the launch, phase was not considered 
complete until the spacecraft velocity vector was determined at Insertion and 
until the initial orbital elements were calculated and transmitted to the Mission 
Control Center. Once the capsule was satisfactorily Insetted in orbit, the primary 
task of the Network became that of acquiring telemetry and voice data and 
■ ''transmitting ■ If To the .'Mission' Director so that he could monitor s 
information on the astronaut and status date on the capsule systems. The 
astronaut's blood pressure, body temperature, and electrocardiograph data 
were examples of -critical aeroroedical data. Information about the capsule’s 
systems which had to be known included readings on the amount of hydrogen ■ 
peroxide fuel remaining, oxygen pressure, various component temperatures 
and other similar parameters., To fulfill these needs for each Mercury flight 
the Network had to acquire and record on magnetic tape a total of approx- 
imately 90 channels of telemetry data each time the spacecraft passed within 
sight of a Network station. 

The Network also provided communications circuits, as shown in an 
earlier slide, to transmit to the Mission Director the information he required 
to direct successfully a manned Mercury spaceflight, fa achieve reliable 
world-wide communication circuits, the Network was limited to the use of 
60 words-per-mimife teletype links to stations remote from the U. $* The 
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limitations of this communication capability requited, however, that a specially 
trained team of mission personnel be located at the Network stations to accomplish 
several tasks: (a) to talk to the astronaut and to monitor and interpret telemetry 
information directly, (b) to compose concise summary messages ba*ed on voice « 
and telemetry information and (c) to send the summary messages to M| Mission 
Director for decision. A selection of approximately 30 quantities of telemetry 
data of major importance were displayed at consoles ateoch of the Network 
stations and at the consoles at the Mercury Control Center. During a mission the 
flight controllers, as they were called, were situated at the consoles to talk to 
the astronaut and to obeive the telemetered information for malfunctions. A 

doctor soi aftheaeromedical console and usually another astronaut sat at the 

capsule communications console. In addition, a communications technician was 

also present along with other technical experts * 

This next slide (Slide 13} illustrates a view inside the station or* the Grand 
Canaries. The flight controllers sit at the consoles in the background. This 
olose-up view on the next slide (Slide (4) shows the instrumentation at a 
typical remote site for the aeromedical console/ the capsule communication 
console and the capsule observer console. This station may have been fore- 
warned of the immediate need for special data such as suit temperature. This 
type of data and other important information^ inciuding trends in readings 
such as inverter temperature changes, were sent Immediately to the Mercury 
Control Center via voice or teletype. Normally, however, a summary report 
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consisfing of a compilation of the reports from each or the f lighif 
was transmitted to the Cape after each pass. Established procedures required 
that the flight controllers refrain from all action Indicate nec^sary until 
instructions were received from Mercury Control, Reliability in Network 
common lections thus required extreme attention because the astronauts’ safety 
could have been fatally dependent upon effective real-time communications. 
During the orbital phase the Mission Director also had to know the 
precise position of the spacecraft at all times so as to carry on the flight 
program and make decisions concerning the time and place for reentry, Track- 
ing was accomplished by the station radars operating In the beacon mode. When 
the capsule was fn sight of a station, a set of measurements of azimuth, elevation, 
and range were made once every 6 seconds instead of 10 sets of measurements per 
second as required during the launch phase. Orbital tracking date was also 
transmitted via teletype to the Goddard Computing Center in near real time 
as the capsule passed each successive station. The Computing Center then 
up-dated its orbital elements, storting with the interim elements determined 
from data obtained during the first pass over Bermuda, The Center in turn 
computed and provided pointing data to the Network stations not yet reached 
by the capsule until the completion of the flight# 

In order to terminate the orbital phase of the mission with a satisfactory 
reentry and recovery of the capsule and its occupant, the precise time for 
refrofire had to be computed during the orbital phase before the necessary 

$ 

commands could be transmitted to the capsule. In addition, tracking of the 


reentry trajectory was required so that th 



area 



predicted as closely as possible. The Network accomplished the retro timing , 
requirement by combining orbital computations with a program of curve-fitting 
of predicted reentry trajectory computations to compute the time- to Initiate 


reiroftre sequence# The entire ref rot* re sequence was accomps 
manually, by verbal contact through Network communications 
astronaut, or automatical !y by Network ground command. The commands 
would preset a dock in the capsule which triggered the sequence, 
dating of the orbital elements affected timing computations, 
timing was reset on the next station pass affording the opportunity. Had there 
been a failure in the retro-timer, firing of retro-rockets was possible by direct 


command from the Network stations* 

Tracking during reentry for recovery In the Atlantic Ocean was accom- 
plished on the first three orbits with relatively full radar coverage provided 
by the Network stations across the southern portion of the U* Si For reentry 
In the Midway area, the Departmen Defense provided a tracking ship to 
accomplish reentry tracking In the Pacific recovery area. Data from these 
stations were transmitted in near real-time to the Computing Center and wet%* ; - 
used continuously to refine the impact point predictions and drive the plot- 
boads at the Centers. With these predictions, the Mission Director could 
advise the recovery team of the predicted impact location to an accuracy of 


several miles* 
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Vhat we have described how & Network was utilte 
actual mission*, M logical question is how well did the Network 


This next siide (Slide 15) summarizes the actual performance obtained 
with the Manned Space Flight Network for the Me, -cur/ program. Some of you _ 
can recoil sevSai yea* ago how unduly optimistic these figures would have 
appeared for predicted performance of the Manned Space Flight Network. In 
considering performance as a whole, one con soy the Network performed one- 
and - a-hoif to two times better than originaliy anticipated . it should be noted 
that the "Network Communications" and "Computer Reliability" performances 
shown on this slide were achieved partiy due to the use of backup facilities 
previously mentioned. Now ! would like to discuss briefly the orbit compu- 
tations and telemetry data acquisition performance. 

T he performance of the Network in terms of its accuracy in determining 
orbits was a vital measure of its usefulness in performing mission control. The 
most demanding task which the Network computers had was that of establishrng 
an Initial orbit with sufficient accuracy for a go no-go deciston usrng au.n 
obtained only from tracking equipments in the Cape area and the down-range 
station at Bermuda. The next siide (Slide 16) shows, for each orbital flight, 
how coogee and perigee, calculated only on the basis of data from Its first 
poss over Bermuda, compared with the apogee cmd perigee that was ca.cu.ated 
after the spacecraft hod made its initial pass over Australia, approximately one- 
Mf orbit later. In every ease there has been less than 1.5% change. Here the 


effectiveness of radar measurement for trajectory computations was demonstrated 
and provided the assurance we were looking for in its use particularly for the 

longer duration missions with decreased coverage* 

It is interesting to note that when calculating the mho^mer clock 
setting for the MA-9 mission for possible reentry Differ three orbits, there was 
a difference of only 2 to 3 seconds between the setting obtained using t.irst 
pass data for computations and that including the Woomera data. This differ-, 
enee would be equivalent to an impact prediction error of 12 is 18 miles. 

The main factor* (Contributing to inaccuracy of the final results in orbital 
calculations have been geodetic uncertainties and the lack of a common, well- 


known datum for the tracking radais. Knowledge of these uncertainties have 
improved since the initial John Glenn flight and the accuracy of the Manned 
Space Flight Network orbital determinations has improved concurrently to She 
point where spacecraft position In space cart be determined to the order of 200 


to 300 yards* 

Performance of the Network with regard to its telemetry function could 
also be described as excellent. In fact, during the entire Mercury program, 
there were no telemetry data failures. Relatively good telemetry coverage was 

•fe. • 

provided for the first three orbits. This performance was, of course, duplicated 
for orbits 16, 17 and 18. Usually a signal was acquired as the capsule approached 
to approximately one degree below its line of sight view from a station. Cal- 
ibration of the telemetry data was accomplished both before and during each 
flight, and there were no unexpected difficulties in the calibration or accuracy 
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of recorded data. This next slide <Slide 17) shows in bar graph form the total 
telemetry recording time accumulated for each of the orbits in the Coop® 

The numbers above the bars indicate how many stations recorded during each 
orbit. As you con observe, the desired Network capability of contacting At 
capsule at least once per orbit was achieved - 
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achieving the level of technical support just described. In summary, the Manned 
Space Flight Network involved extremely careful and detailed planning by a 
single NASA group familiar not only with tracking and data acquisition 
facilities but also with the mission characteristics and the requirements for 
operational control. Further it involved very conservative equipment design. 

It literally involved months of flight simulations. It involved very careful 
maintenance and control of change procedures. It involved the development 
of unique operational techniques-. It involved continuous monitoring of the 
communication lines between the stations to ensure reliable operation. And 
iastsly, it involved continuous training and cross-training of the personnel 
at each of the stations to develop a high level of operator competence. 

With these factors in mind i would like to conclude with a word about 
the Network changes or, perhaps more descriptively, the Network augmen- 
tartons planned and underway for support of the upcoming Gemini program* 

As you know, Gemini will fly two men for extended periods, up to 
several weeks, and demonstrate rendezvous techniques through use of a 
separately launched Agena spacecraft. From the experience gained on the 
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Mercury program, the Office of Tracking and Data Acquisition began planning 
early for the ground support of Gemini using the following guidelines: (a), we 
would make maximum practical use of existing Network facilities to utilize 
these proven systems and to !owe» the costs for development and qualification 
of the ground instrumentation, and (fe), we would augment the Network for 
Gemini at a minimum number of stations using a building block approach so 
that the cost of expansion to meet future requirements could in tem also be 

. ’ • . • . ! - • • -I ' ' ; . . ' 

minimized* 

Tk-lre are four general types of requirements (Slide 18) for Gemini which 
were different FramfttHsfercury program, 

for mFsslor? control of JSemini from that which the Network was rfready capable 
of providing*' These new requirements are shown here. 

To facilitate the accomplishment of rendezvous of the Titan II launched 
manned Gemini capsule with a previously launched unmanned Agena target, 
orbital changes are required both as a result of a variable launch azimuth and 
maneuvers affecting orbital elements. The launch azimuth may be set at the 
time of lounch anywhere between 76° and 106°, depending an computations 
involving time-of-launch relationship with the Agena orbital vehicle. The 
mission requirement for a variable launch azimuth will be supported by the 
addition of only one new Network station being installed in northwest Australia. 
This station will replace the Australian Stations both at Woomera and Muchea 
because of its better location in relation to the Gemini flight path near the 
antipodal points for the first few orbits. 
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With the Agena spacecraft and the Gemini spacecraft In orbit, simulta 
neous tracking, data acquisition, and command will be required. This next 
slide (Slide 19) shows how existing Network facilities are being augmented to 
support the Gemini program. All of the stations whichW supported the 
Mercury program ore listed plus the new station at Carnarvon. Woom.ro and 
Muchea are omitted. Eight locations will be heavily instrumented to serve as 
"primary” stations. The additional equipment now going into the prtmary 

stations consists of new PCM type telemetry equipment and augmentation of the 

y coded command capability. The 
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existing tone command system with a 
secondary stations will complement the Network by providing additional track- 

i ng and communi cation coverag e , 

The primary station locations are shown here (Slide 20) in relation to the 
maximum inclination angle planned for Gemini os represented by the shaded 
band between + 34° latitude. As you may recall, the inclination for each af 

the Mercury shots was fixed at approximately 32.5°. 

The two ships planned here will be the same ships which were used for 

Mercury* 

To handle the larger amount of telemetry data needed for mission control 
the eight primary stations will use PCM telemetry equipment instead of FM as 
used for Mercury. PCM telemetry, or digital telemetry os it sometimes is 

called, is required for several reasons, 

(a) If will match thespacecraff telemetry instrumentation. Much af 

the on-board data is of an "elther-or" nature which »$ most 

efficiently handled in a digital format. 
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(b) PCM telemetry offers more flexibility in the handling of large 
quantities of data and is more adaptable to automatic data 
processing which will be necessary for Gemini. 

Ground communications among ffce stations will continue to be limited in 
some cases to 60 woid-per-minute teletype and the technique of sending summary 
messages will again be required. However, qrtUke the Mercury procedures, PCM 
telemetry will enable the mission controllers at Network stations to use a high 
degree of automation in processing summary messages to free their time for 
observation of data as the spacecraft passes overhead,. And finally, the need of 
the project for spacecraft in-orbit control and command will place new require- 
ments on the up“data fink and ground communications. 

Central control of Gemini operations. Including the Agena orientation 
and propulsion maneuver*, will be initiated from the IMCC (Integrated Mission 

Control. Center) at Houston, Texas by ground command. 

To perform the command function we are installing a new digital command 

system which will use existing FRW-2 transmitters and will receive, store and 
transmit both real-time and stored command data to the two spacecraft. Part 
of the command function will be the transmission of data for the on-board 
velocimeter and of course to up-date the timing of critical orientation and 
propulsion functions. The digital command system will also serve -as a back- 
up boost phase guidance link if required. 
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ln summon/, white certain equipment augmentations will he effect 
man/ of the techniques learned during the Mercury program, particular!; 
terms of procedures required to assure positive Network support, mil be 

and In this way, an ever-increasing background of k 
3 |e for the extremely complex missions which will be 
manned lunar landing program shortly to he upon us* 
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A REVIEW OF JgjftOWLEDGE ACt^IRRO DRW* 
THE FIRST MAMEB SATELLITE 


by 


Christopher £>* Kraft s dr. 
NASA Manned Spacecraft Center 


With the completion o£ the Mercury program, science ha. gained consid- 
erable new knowledge about apace. In «*• than 52 hours of canned flight, 
the information brought back has changed many ideas about apace flight. Be- 
£ ,- 3 n problem occupied the first and ma^or portion of the Mercury program. 

*he heat shield, the shape of the Mercury spacecraft, the spacecraft system, 
and the recovery devices were developed. Flight operations procedures were 
organised and developed and a training program for both ground and flight 
cr „ followed. Scientific experiments were planned with man in the loop, 
these included photography, extra spacecraft experiments, and observation 
sr self-performing types of experiments. . ; ; 

But the real knowledge of Mercury lies in the change of the basic phi- 
losophy of *Se program, ' At the beginning, the capabilities of man were not 
known, so! the systems had to be designed to function automatically. But 
with the addition of man to the. loop, this philosophy changed 1*0 degrees 
a iu4e primary success of the mission depended on man backing up automatic 

could 


ati* 
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raTROBUCElOff ’ ■ 

As *k first «»< apace flight project of the United States, Project 
Mercury in its various aspects has bee^V discussed in great .detail hy al 
airmeabers of the project. The purpose of my discussion today will not be 
io repeat the technical details of Project Mercury, hut to outline and dis- 
cuss some of the significant contributions the program has made to the area . 

of’ space tec.lmc>l.o.gy* ; 

It is important to note that 52 hours of manned orbital flight, and 
less than five hours of unmanned orbital flight by the Mercury spacecraft 
have produced a large book of new knowledge. The hours spent on the ground 
development and training, the preparations for flights, and tne ballistic 
flights cannot be calculated, but it contributed heavily to the knowledge 
we ultimately gained in space flight. 

The three basic aims of Project Mercury were accomplished less than 

five years from the start of the program. The first U.S. manned space 
flight program was designed to (1) put a man into earth orbit (2) 
his reactions to the space environ and (3) bring him back to earth 
safely at a point where he could be readily recovered. All of these ob- 
jectives have been accomplished, and some have producedmore information 

than we expected to receive from conducting the experiment. 

• _ 4 -—-*■? Va considered, ail experiment , in a certain 

The whole Mercery projecv w conswe..^ « . 

- j>bilitv of a man and machine to perform in a con- 

sense. We were testing; -Oie a&rJ-J-ry ~x a _ 

• troll ed ? but not cot^letely known environment. 

The control, of course, came from the launch vehicle used and the space- 
craft systems included to the vehicle. Although we knew the general conditions 
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of space at Atlas insertion altitudes, we did not know how the specific 
environment would affect the spacecraft and man. Such conditions as vacuum, 
weightlessness, heat, cold, aud radiation were question marks on the number 
scale. There were also many extraneous unknowns which would not affect the 
immediate mission but would have to be considered in future flighcs. Such 
things as visibility of objects, the airglow layer, observation of ground 
lights and landmarks, and atmospheric drag effects were important for future 

reference. 

The program had to start with a series of design experiments. We had 
little criteria for the space vehicle. If we could find that a certain type 
of heat shield could make a successful reentry and a certain shape of space- 
craft, we would have the basis for further design of systems. 

A series of flight tests and wind tunnel tests were conducted to get 
the answers to seme of the basic questions. First, would the ablation prin- 
ciple work in our application? Could we conduct heat away from the space- 
craft body by melting the fiberglass and resin material? How inick would the 
shield have to be for our particular conditions? What temperatures would be 
encountered and for what time period would they exist? Early wind tunnel 
tests proved in theory that the saucer shaped shield would protect the rest 
of the spacecraft from heat damage. The flight test on the heat shield muse 
prove the theory,, In February 1961 we made a ballistic flight in which the 
spacecraft reentered at a sharper angle than programmed and the heat shield 
was subjected to greater than normal heating. The test proved the hear 

shield material to be more than adequate. 

The Mercury spacecraft did not start with the familiar bell shape. It 
went though a series of design changes and wind tunnel tests before the optimum 
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shape was chosen. The blunt shape had proven best for the nose cone reentry. 

Its only drawback was the lack of stability. We next tried the cone shaped 
spacecraft, but wind tunnel testing proved that heating on the afterbody 
vould be too severe, although the craft was very stable !r. reentry. After 
two more trial shapes, the blunt bottom cylinder on a cone shape came Into 
being. It was a complete cycle from the early concepts of manned spacecraft, 
but It was only the first or a series of changes In our way of thinking of 

the flight program and its elements. 

A second part of design philosophy thinking came In connection with the 

use of aircraft equipment In a spacecraft. We had stated at the start of the 
program that Mercury would use as much as possible the exist. ng -tchno g. 
and off-the-shelf Items In the design of the manned spacecraft. But In many 
cases, off-the-shelf equipment would Just not do the Job. Systmns In space 
are exposed to conditions that do not exist for aircraft within the envelope 
of the atmosphere. Near absolute vacuum, weightlessness and extremes of 
temperatures makes equipment react differently than It does In aircraft. We 
had to test equipment In advance in the environment In which it was going to 
be used. It produced an altered concept in constructing and testing a space- 
craft. Although aircraft philosophy could be adapted, it many cases, aircraft 

parts could not perform in a spacecratt. 

The third part of the design philosophy, and perhaps the most Important 

one in regard to futute systems Is the automatic systems contained in the 
Mercury spacecraft. When the project started, we had no def'nltive Infor- 
mation on how man would react in the spacecraft system. To Insure that we 
returned the spacecraft to earth as planned, the critical function, would 
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have to be automatic. The control system would keep the spacecraft stabi- 
lized at precisely thirty four degrees above the horizontal. The ratro- 
rockets would be fired by an automatic sequence under a programmed or ground 
command. The drogue and main parachutes would deploy when a barostat inside 
the spacecraft indicated that the correct altitudes had been reached. The 
Mercury vehicle was a highly automatic system and the man essentially was 
riding along as a passanger. an observer. At all costs, we had to make cure 

that the systems worked. 

But we have been able to take advantage of man’s capability in space. 

It started from the first manned orbital flights. When some of the thrusters 
became inoperative on John Glenn's flight, he was able to assume manual con- 
trol of the spacecraft in order to fly the full three orbits planned in the 
mission. When a signal on the ground indicated the heat shield had deployed, 
Glenn bypassed certain parts of the retrosequence manually and retained the 
retropack after it had fired. In this way, he insured that the heat shield 
would stay in place during reentry and the spacecraft would not be destroyed 
by excessive heating. When oscillations built up during reentry, Glenn uti- 
lized hi. manual capability to provide damping using both the manual and fly- 
by-wire thrusters. The pilot's role in manned space flight was assuming a 

more iniport&nt aspect. 

Carpenter's flight again emphasized the ability of the pilot to control 
the spacecraft through the critical reentry period. Excess fuel was used in 
both of these orbital flights. Schirra's task was to determine if man in the 
machine could conserve fuel for a long flight by turning off all systems in 
drifting tlight. It was a task that could not be accomplished by a piece of 
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automatic equipment In the confined area of the Mercury spacecraft. Schlrra 
also was able to exercise another type of pilot control. It was the fine con- 
trol necessary to adjust pressure suit air temperature to produce a workable 
environment. When we flew the mechanical man In MA-4, we did not have the 
capability of making fine suit temperature adjustments or to realise the pro- 
blems we might encounter In suit design. Man could analyse and correct suit 
temperature, thus pointing out necessary design parameters to follow in future 

programs. 

The MA-4 and MA-5 flights were probably the most difficult of the orbital 
missions. They had to be flown using only one automatic control system. We 
had no man along with the ability to override or correct malfunctions In the 
systems. One of the flights ended prematurely due to malfunctions that we 
could not correct from the ground. In both cases, a man could have assumed 
manual control and continued the flight for the full number of orbits. It is 
no hypothesis or theory, it has been borne out by facts. With this design 
criteria in mind, the Cooper flight was a fitting climax to the Mercury pro- 
gram. Not only did it yield new information for other spacecraft programs, 
but it demonstrated that man had a unique capability to rescue a mission that 
•would not have been successfully completed with the automatic equipment pro- 

vided . 

Man serves many purposes In the orbiting spacecraft. Not only is he an 
observer, he provides a redundancy not obtainable by other means, he can con- 
duct scientific experiment 8 , and he can discover phenomenon not seen by auto- 

tnatic equipnt-^nt. 

But most important Is the redundancy, the ability of another system to 
take over the mission If the primary system falls. Duplicate systems are 
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designed to prevent bottlenecks in the operation of the systems. The single 
point failure caused the false heat shield signal in Glenn's flight. After 
the mission ,a. successfully coveted, we conducted an intense design, re- 
view to see if there were any more of these single points in the p 
that needed redundancy of design for safe operation. We found many areas 
where the failure of one componenf could trigger a whole series 
able reactions. Thia ty P a of problem had been brought about by the design 
philosophy originally conceived because of the lack of knowledge of man's 

capability in a space environment. 

The Mercury program taught us not to ste.k the components on top of 

each other. It forces limited access, and the failure of one component 
during checkout makes it necessary to pull out other functioning systems 
to replace the malfunctioning part. For Instance. In the MA-6 flight the 
short life carbon dioxide absorber in the environmental control system had 
to be replaced since check, at took longei than had been planned. This re- 
placement required e< ght major equipment removals and four revalidations of 
unrelated subsystems for s totai delay of 12 hours. All of tuese problems of 
courts resulted from weight and space constraints brought shout by payload 

limitations. 

For the Gemini and Apollo spacecraft, the equipment will be modular and 
replaceable, allowing the substitution of alternate parts without tearing 

out whole subsystems. 

„e depeno quite a bit on the automatic systems for retresequcnce but 
man has proven that he car. and does play an important role in the reentry 
process. The only manned flight in which the automatic system for reentry 
, — or.lv was at the end of Walter Schirra's six orbits. In all 


was used completely was at 
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other flights, the astronaut took over and performed at least one part of 
the reentry manually because cf some malfunction which had occurred during 

the flight. 

As we move into the Gemini and Apollo programs, a maneuvering capability 
has been built into the spacecraft to allow changes in flight path both while 

in orbit and during reentry into the atmosphere. 

The A V or translation engines provided will allow modifications to the 

orbit for rendezvous with other vehicles orbit. Also, by use of an offset 
center of gravity, the spacecrafts will have an L/D capability not provided 
in the Mercury vehicle. This will allow the onboard computers to select a 
particular landing point at any time during the flight and after retrofire 
or atmospheric reentry the vehicle can be maneuvered vrthin a given footprint 
to reach this desired landing area. The astronauts will provide the necessary 
back-up to these complex, systems and can at any time assume manual control of 

the system so that a proper and safe landing can be assured. 

Our experience with the Mercury network changed our thinking about the 
operation of this worldwide tracking system for manned flights. In the ini- 
tial design of the network, we did not have voice commlcation to all the 

remote site3. 

But we soon found that in order to establish our real time requirement 
for evaluating unusual situations, we needed the voice link. When we started 
the program, the determination of the orbital ephemeris was a process that 
could take several orbits to establish. We could not tolerate such « condition 
in a manned flight so we set up a worldwide network which would maintain con- 
tact with the astronaut approximately 40 minutes out of every hour. But 
continuous voice contact with the astronaut has proven unnecessary and in many 
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cases undesirable. While we retain the capability to contact an astronaut 
quickly, we have tried to reduce the frequency of co^nunications with the 

spacecraft.. 

In designing and modifying a spacecraft, it is also possible to learn 
something more than tangible change, or hardward design. We learned about 
the reliability requirement and the very important need to check details 
carefully. It is a requirement that cannot be designed into a systma on 
the drawing board. It actually consists in developing a conscientious con- 
tractor team that will take care to follow procedures and deliver a reliable 
product. Then it takes a careful recheck by the government team to insure 

that reliability has actually been built into the product. The smallest 

- i -fttiillv unexpected results. The 

mistake in a man rated system can bring -ot.il/ 

, . . the U r known, aV. if man is going to live m the 

unexpected is the rule in the unknown, 

v <a oMtw -o live under rules or not at ail. 
region beyond our atmosphere, he is go- 0 - 

i rhf- start of the satellite program, 

, f t.j,pqp new rules from tnc scat - 

We have been aware ot tnese new 

but they have ,,t been brought to our attention so vividly as they have In the 
manned flight program. 

If an unmanned satellite malfunctions we cannot get it back for ex- 
amination. We can only speculate on the causes and try to redesign 
eliminate the source of the supposed trouble. It is necessariiy a slow 
process of elimination. Here again, if a manned, craft malfunctions, it can 

returned to the ground by the proper action of the pUot. Then the why 

1 A mo well as the what. We knew what had failed 
of the malfunction is revealed as Ww.it a 

in Gordon Cooper's flight, but we did not know why the sy.cem had failed unt 
we got the spacecraft hack for investigations anc tests. Knowing why something 
occurred witl give us the tools to improve spacecraft of the future. 
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AEROMEDICAL experiments 

While we can redesign the equipment to accomplish the mission,, we cariot 
redesign the man who must perform in space. Aeromedical experiments for lew 
knowledge about space must simply answer one question. Can man adapt to an 
environment which violates most of the laws under which his body normally 
operates? The answer to the question at the end of the Mercury program seems 
to be an unqualified yes, at least for the period of one to two days. 

The crushing acceleration of launch was the first concern. We knew he 
would be pressed into his couch by a force equa 1 to many times the weight of 
his body.. It was not definitely known whether he would be able to perform 
any piloting functions under these high "g" forces. The centrifuge program 
was started and the astronauts tested under this stress proved that man was 
not as fragile or helpless as we might have supposed. In addition to Deirg 
able to withstand heavy acceleration, a method was developed oi straining 
against the force and performing pilot control maneuvers. 

Weightlessness was a real aeromedical unknown and it was something that 
the astronauts could not really encounter on the ground. The ability to eat 
and drink without gravity was one serious question we had to answer. In the 
weightless condition, once the food is placed in the mouth, normal digestive 
processes take over without being affected by the lack of gravity. 

The next problem was the effect of weightlessness on the cardiovascular 
system, that is the heart and blood vessel system throughout the body. All 
types of reactions were possible in theory. In actual flight, a small and 
temporary amount of pooling of blood in the veins of the legs has occurred, 
but it is not serious nor does it appear to affect the performance of the 
pilot. For all nilots weight le'>sness has beet a pleasant experience. All 
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the senses such as sight and hearing perform normally during space flight. 

There has been no hallucination, no blackout or ary other medical phenomena 
which might have an effect on man in space. We even experimented with drift- 
ing flight and whether the astronaut would become disoriented when he could 
not distinguish up from down or hove the horicon of the earth for a reference. 
But each time tha answer seemed to be that man could adapt as long as his basic 

needs for breathing oxygen and pressura were supplied. 

Perhaps the greatest contributions to the program have come in the area 
of development of aeromedical equipment. Blood pressure measuring systems 
were developed that would automatically take readings and transmit them by 
telemetry to the ground. The biosensors were designed to pick up other in- 
formation such as pulse rate and respiration rate. There were numerous small 
changes that were made to these systems to increase the accuracy of the data 
that we got back from the man in space. The in-flight studies of the pilot's 
reaction are probably the most complete medical records we have tried to keep 
on an individual. Their value has been to demonstrate that man functions 
normally in the space environment. 

Related to the aeromedical studies In the environmental equipment that 
provides life support for the astronaut. We started with the basic Navy 
pressure suit for aircraft flying and modified it for performance in the 
spacecraft. We found it was desirable to eliminate as many pressure points 
as possible and have tailored the suits on an individual basis for each astro 


naut. There are 
overcome. First 
of gravity, the 


two areas in life support which presented new problems to be 
there was the problem of circulation cf air. In the absence 
normal rules of air circulation are cancelled, and the carbon 
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dioxide breath out by the astronaut would suffocate hi.. The air in the 
cabin would also have to be forced throng the air conditioning system to 

keep the cabin area from overheating. 

of the air supply itself and its possil 1 * 
Secondly, th'jre is the problem of the air pp 

ft nilot For conserving weight, a single gas system 
effect on the spacecraft pilot, tor con 

. ^ if hreathin* pure oxygen over long periods 

was desirable. But it was not known if breathing p 

Of time could have harmful effects. The Mercury flights and other research 
in a pure oxygen environment have proven that no injury to the body's system 

has been produced by using a one gas system. 

SCIENTIFIC EXPERIMENTS 

.. . -1-.UU 

.. e» *• - - •“ •""" 

in space. It had to first be determined that he would be able to 
normally and then the scientific benefits of the program could be explored. 

Man as an observer has proven his ability from the first orbital flight. The 

brightness . coloring, and height of the air glow layers was established. It 

.. r - rord nor would an unmanned satellite per- 
was something a camera could not record nor wout 

. ha« the ability to observe the unknown and 

form this mission. Man in space has the abrll / 

to try to define it by experiment. The particles discovered at sunrise by 
Joh „ Glenn were determined to be coming from the spacecraft by Scott Carpenter. 

W d thia analysis was confirmed by Schirra and Cooper. 

We car send unmanned instrumented vehicles into space which c.n Larn 
much about the space environment and the make u, of the planets. However. 

... of man to aid in making the scientific observations will be invaluable. 

The old problem of what and how to Instrument for the unknown c.n benefit 


I 
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greatly from man's capability to pick and choose the time anr, types of 
experiments to be performed. We have learned much from the Mercury pro- 
gram through this quality of choice and we will continue to learn it man 

continues to be an imoortar t part of the system. 

If we have learned more about space Itself, we have also learned about 
man's capabilities In space. Many experiments hive been conducted which have 

yielded valuable information for future programs. 

Aside from the aeromedlcal experiments, mar has been able to distinguish 
color in space, to spot objects at varying distances from the spacecraft, to 
observe high Intensity lights on the ground, and to track objects near him. 

These observations provide valuable Information In determining the feasibility 
of the rendezvous and navigation In Gemini and Apollo. 

Pictures taken with Infrared filters have aided the Weather Bureau in 
determining the type of csmeras to use In their weather satellites. Special 
pictures have also been taken for scientific studies such as geological for- 
mations, zodiacal light, and refraction of light through the atmosphere. 

CONCLUSION 

The manned space flight program has changed quite a few concepts about 
space, added greatly to our knowledge of the universe around us, and demon- 
strated that man has a proper role In exploring It. There are many unknowns 
that lie ahead, but we are reassured because we are confident In overcoming 

them by using man's capabilities to the fullest. 

When we started the manned spacr program five years ago, there was a great 

deal of doubt about man's usefulness In space. We have now come to a point 
which is exactly one hundred eighty degrees around the circle from that opinion. 
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We now depend on man in the loop to back up the automatic systems rather than 
using Automatic systems alone to Insure that the mission is accomplished. 

We do not want to ignore the automatic aspects of space flight altogether. 
There must be a careful blending of man and machine In future spacecralt which 
provides the formula for further success. By experience, we have arrived at 
what we think Is a proper mixture of that formula. Man is the deciding element 
but we cannot ignore the usefulness of the automatic systems. As long as man 
is able to alter the decision of the machine, we will have a spacecraft tnat 
can perform under any known condition, and that can probe Into the unknown for 

new knowledge. „ 
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the manned orbital laboratory 


Joseph F. Shea* and Michael I. Varymovych 
National Aeronautics and Space Administration 

ABSTRACT K i ^ 

The uses and the various possible design concepts of a Manned Orbital Labo.alory 
CKOh) are disced. The primary use of a MOL is the investigation of man's behavior 

and capabilities during prolonged space flight, leading to the deciston whether art 

v future advanced manned space vehicles. Secondary uses 
ficial gravity is necessary in future 
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I. INTRODUCTION 


With the completion of the Mercury program .and the strong efforts on Gemini 
and Apollo this nation is well on its way toward the development of an established 
manned space flight capability. It is difficult to imagine future technical growth 
without an ever-increasing use of space by man, extending to man’u exploration of 
the planets. In order to achieve this expanded manned space flight capability many 
of the building blocks that make it up have to be developed to a high degree of per- 
fection and tested under exact environmental conditions. One of those building blocks 
in need of testing is, of course, man himself. Therefore, it is reasonable to assume 
that for the purpose of laying a broad foundation for advanced manned space flight 

a manned space laboratory may be necessary. 

The tanned Orbital Laboratory (MOL) may be, for many years to come, a basic re- 
search tool in space. It would be utilized at first to answer tae basic „ -estion of 
whether man can live and operate successfully in space for long periods of timt. Whil 
this biomedical experiment would be going on, other engineering and scientific re- 
search tasks which require the true space environment and'or the attention of a human 
operator might be carried out on board the station. Eventually, the MOL may develop 
into an operational space station functioning, for instance, as an orbital launch 
facility, a meteorological observatory or a s F ace maintenance and rescue center, 

II. APPLICATIONS 

In order to determine the immediate requirements for an early laboratory, the 
various potential experimental uses must be evaluated. This evaluation will provide 
a basis for establishment of the conf iguration of a MOL. Is a minimal Apollo-type 
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MOL sufficient for the performance of a significant biomedical experiment? Or per- 
haps, the benefits of a truly multi-purpose MOL are so overwhelming in the long run 
that one should not expend unnecessary time and effort in going through the inter- 
mediate steps of building small space stations but, father, proceed irm,ediately wKh 

the development of a large laboratory in space. 

Various government agencies and many industrial contractors have studied tne 
potential uses of space stations for a number of years. These applications nave been 
collected, analyzed and rated and are being continually reev-luated In terms of tech- 
nical feasibility and ultimate value for the overall national space flight program,, 
Only the more important categories are discussed here. 

A., BIOMEDICAL APPLI CAT ION S 

The most pressing mission requirement, and therefore the predominant purpose of 
the early MOL, will be the study of man's physiological and psychological response to 
the space environment and the determination of a man capability for performing useful 
missions in space over extended periods of time. Of ultimate interest are manned 
planetary missions which typically require one-year flight times. The validation of 
' man s active role in space cannot be accomplished oy simulation on earth because of 
one particular factor peculiar to space. This factor is "weightlessness." In order 
to fully understand this phenomenon and to make a valid decision as to how oest to 
count e fact the long-term effects of the space environment on man, all effects on man, 
during and after a prolonged stay-time in a weightless environment followed by a 
high deceleration re-entry, have to be closely evaluated and compared with earth- 

based simulation studies. 

The final evaluation of all biomedical parameters will lead to one of the key 
I decisions In the future manned space night program. It will answer the question 

ft 
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whether or not an artificial gravity field is required in man's life support 
environment or, in more operational terms, whether future manned space stations 
and spacecraft for extended missions (such as Mars and Venus exploration) must be 

rotated • 

The biomedical studies will be especially concerned with the following areas: 

1. Cardiovascular System 

The maintenance of an adequate cardiac output, with properly oxygenated 
blood to supply all areas of the body, i« vitally important since this is the 
mechanical transport system for the cellular nutritional needs and waste pro- 
duct removal. The existing knowledge of the role of the gravitational force 
field, or its absence, on circulatory dynamics is limited. What is known, how- 
ever, points to the fact that cardiovascular dynamics will be altered significan- 
tly to the extent of causing symptoms which will interfere with adequate loco- 
motive functions, with possible unconsciousness, upon return to a force field 
after a prolonged period of weightlessness. 

2 . Nutritiona l Functions 

The role of a gravity field in the dynamics of food absorption, transport 
and utilisation over prolonged periods of time is unknown at the present tine. 

3. Musculo - Skelet al System 

The musculo-.ketetal system has been subject to speculation as to the role 
of gravity in maintaining muscle mass (protein metabolic balance), muscle function 
and strength, and calcification of bones (mineral mobilisation, deposition and 
balance). It is presently unknown whether these functions are gravity-dependent 
or primarily dependent upon maintenance of muscular contractions. 
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- Pulmonary Functions 

M area of vital importance Is the long-term effects of partial pressures 
of oxygen in excess of sea level partial pressures. Whet kind of changes, if 
any. are initiated by an atmospheric composition dissimilar to earth s Hoe oo 
these possible changes affect such pulmonary functions as ventilation, the 
mechanics of breathing and. more importantly, pulmonary ventilation-perfusion 
ratios during weightlessness? The definition and estimation of the sign! i : ca-.c c 
of these questions are yet to be determined. Some of these could ha duplicated 
here on earth, but interaction of all multiple factors cannot be predicted, 

5. Biochemical System 

Any endeavor which produces stress in excess of measured experience may 
cause havoc to the endocrine organs. Release of excessive amounts of hormones 
and enzymes, even to depletion, has been known to occur on earth. Much needs to 
be accomplished in understanding the significance of these fluctuations as they 
relate to the long-term functional usefulness of the Individual and his well- 

being after return from the mission. 

6. Psychiatric and Psychological Furctlcns _ 

Little is known in the area of psychiatric and psychological variations 

induced by small closed societies, isolation and artificial environments, and 

What is known cannot yet be adequately correlated. Much work must be done so 

^ assurance car be had that long-term space missions 
that some adequate measure of assurance 

will not pose undue problems in this urea. 

7. Vestibular Syste m 

This are, is related uniquely to artificial gravity produced by rotation 
and I. concerned with the study of the effects of Coriolis and angular acceleraf 
ion gradients on vestibular functions. Questions which must be answered relate 
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to the degree of interference with function, habituation and effects of changing 
magnitude of Coriolis and angulat velocity as a function of space station con- 
figurations 

A biomedical facility in space will require flexibility so that any eventuality 
can be adequately measured and evaluated. This calls for a high degree of bio- 
medical sophistication. ‘Such sophistication recommends serious consideration of the 
use of properly trained medical personnel for flight missions. 

There are three successive objectives in the biomedical experiments. 

1. Determine whether man can operate successfully under weightlessness for long 
periods of time (of the order of one year) and subsequently survive in good con- 
dition the environment of re-entry and normal gravity conditions thereafter. 

2. If there are indications of difficulty in the weightless state, determine whether 
onboard reconditioning measures, like a double-ended trampoline, a low accel- 
eration centrifuge or the use of pressure cuffs or drugs, will make the subject 
fit for operating successfully under prolonged weightlessness, followed by re- 
entry. 

3. If there are conclusive indications that reconditioning measures are insufficient 
determine the best teens of providing artificial gravity and develop techniques 
fer crew operations in the simulated gravity field. 

Two approaches are possible for achieving the first biomedical study objective. 
One is co expose subjects to ever-increasing periods of weightlessness followed by 
re-entry to earth. This approach may be costly in terms of the number of required 
flights. The second approach is to simulate re-entry conditions by means of an on- 
board high speed centrifuge; however, mere centrifuge research is still .required to 
determine whether this type of simulation is sufficient and without disturbing 


secondary effects. 
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The Manned Orbital Laboratory must be designed in such a way that, if the re- 
sults of the first biomedical study objective an negative, the second and third 
objectives can be carried out without major modifications of the prog-, am. 

' B engineering research and development 

While the first manned orbital laboratories should be considered a atepping 
stone toward extended earth orbit operations within the frame of the overall National 
Space Flight Program in determining man's capability to work and live in space, the 
ultimate goal of a MOL nay be to provide a logical foundation to manned interplanetary 
. space flight. The complex space vehicles employed in plane- ary missions may be 

assembled, serviced, checked out and launched through the sc- ive participation of an 
orbital launch crew working from or near an orbital launch facility. A manned space 
station serving as an orbital launch facility may incr-ase the overall probability of 
success for such missions. Orbital launching, on the other hand, requires the solution 
of a variety of complex engineering development tasks such as assembly in space, check- 
out, launch procedures, fuel transfer, maintenance, repair, general operations and 
logistics, etc., and only after these problems have been studied in detail will one be 

able to assess the usefulness of an orbital launch facility. 

Manned orbital laboratories, flying during earlier time periods, have the potential 
of providing useful fscllltles for developing and qualifying the various systems, 
structures, materails and operational technique, that will be required both for an 
orbital launch facility and for other future manned and unmanned space missions. Future 
systems and materials under development will require long-duration exposure to tie space 
environment. Many parameter, of this environment may be simulated in earth-based la- 
bilities; however, in many cases large volume and hard vacuum requlrmsents favor space 
station testing. Furthermore, ground-based tests obviously cannot provide the con- 
ditions of weightlessness or partial gravity for extended period, of time. One ahould 




XXV -8- 


bear In mrnd , however, that only teats which cannot be effectively carried cot 

on the ground should be assigned to the MOL. 

Man's presence Is helpful In the testing and qualification -.1 •>*-«•>» ln the 
apace environment. The Instrumentation required to monitor all the functions in 
a system to Identify the cause and result of the many possible experimental 
sponses and modes of failure would be highly complex and massive. Man could help 

for the following reasons: 

tt '' 

u He can calibrate and align equiotnenf. required for an experiment, 

2. He can monitor experiments. 

3. He can use his judgments alter an experiment In progress to meet new objectives. 

V. He can repair equipment whose failure could result in the premature termination 

of an experiment or at least seriously affect the validity of the results. 

In the following discussion some ol the more significant potential experimental 
groups for manned orbital laboratories will be identified to show the level of 
necessary effort ln the area of engineering research and development. 

1* Crew S ystems 

The performance and reliability aspects of advanced environmental control systems 
to provide cooling, heating, pressuris.tlon, etc, for future spacecraft configurations 
could be evaluated. Particular tests would yield data on the effectiveness of leak- 
age detection syatems to pinpoint micrometeoroid penetration and failure In hermetic 
seels. This, in turn, would lad to an assessment of sealing techniques to correct 
these penetrations and failures. The study of advanced life support systems and 
crew equipment under space condition, would yield valuable information to suoport 
son on long-term space mlssio-s. Emphasis should be directed to such areas as: 

a. Closed-loop algae syatems 

b. Magnetic radiation shielding 


i 


xxv- 9- 


c. Regenerative water supply systems. 

d. Waste disposal. 

e. Food storage and preparation. 

f. Personnel restraining equipment. 

2. Electrical and Electronic System s 

The performance and/or endurance capability of various solar and chemical power 
generation systems operating in space environment couU b« evaluated. Systan. under 
test may also provide useful power for bonus experiments and serve as backup power 
systems. Various items cf communication equipment, such as very hi* frequency de- 
vices may be tested to develop improved space completion, in terms of advanced 
components, optimum, frequencies, bandwidth,, transmission power, receiver sensitivity, 
reliability, etc. The performance characteristics of long lifetime advanced navigation 
and control systems may be studied snd new guidance technique, evaluated. 

P 

3. Propulsion Systems 

The effect, of the space environment, especially weightlessness and long-time 

space exposure on ignition devices, restart capability, fuel sloshing, vortexing and 

J , , „. rlou - tspf , of propellant actuation devices could 

expulsion could be determined. Various t /P ss oi p p 

be exposed to the space environment for extended periods of time snd then actuated 
eod analyzed. Tests could be conducted on various fuels and oxidizers In different 

propellant tank confutations and with various insulation techniques and materials. 

, . nroo f tested under true space conditions, and the 
Electric propulsion systems could be proot tested 

behavior of rocket exhaust plumes could be studied. 

4 „ Structures and M aterials 

Many simultaneous effects of the space .nvlronment such as meteoroids, vacuum, 
radiation and temperature cycling on various characteristic, of material, and 
Structures are difficult to be meaningfully reproduced in ground tests. This lack 
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Of information introduces uncertainties in spacecraft design that may be serious 
enough to impair future space missions or require over-designed systems with un- 
necessary weight penalties. For instance, ablative materials could be exposed to 
space vacuum and temperatures extremes for long periods of time to evaluate their 
integrity. An effective meteoroid protection research program could be undertaken 
with the aid of MOL experimenters who could help deploy large meteoroid bumper areas, 
examine penetrations and alter the materials to o.tvise optimum protection schemes. 

There is some recent evidence tha' a deep vacuum forms in the "wake" of a low alti- 
tude satellite. This would make the MOL suitable for deep-vacuum experimentation 

on various materials and mechanical systems. 

5. Fbctravehicular Ope rat long 

For extended extr.v.hicular operations man must be well versed in the capabilities 
and limitations of tndlvidual propulsion units, extravehicular suits and portable 

- . The MOL would provide a test bed to train personnel for future 

life support systems. The mol wouia 

lunar and planetary missions. 

Developmental Flight Testing 

MSO of importance flight testing of Urge unmanned satellites and space probes 
or qualification testing of advanced manned satellites. Present satellite programs 
require a costly and tlmecon.uming development flight test program necessary to ob- 
tain reliable flight hardware. This is mainly due to the fact that we have not yet 
learned to build adequate ground simulators, and, thus, testing of finsl 
configuration, on the ground does not allow an Isolation of all design deficiencies. 
No effort should be spared to improve ground testing, but if that proves still in- 
adequate. then one could use the MOL a. a development flight test facility. By 
orbiting the test article as a "t.g-.W near the MOL, thus allowing visual obser- 
vation and e short coemuurd and telemetry link, diagnosis and repair of satellite 
malfunctions would be po.aible through extravehicular operations of the MOL crew. 
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C. SCIENTIFIC RESEARCH 

While the Manned Orbital Laboratory performs the biomedical experiments and 
the engineering research and development tasks, some of its facilities may be 
allocated to perform scientific research. It should be pointed out that some 
scientific experiments, given high priority today, may be relegated to a lesser 
rating or even disregarded by the time the space station becomes operational. This 
will be the case when unmanned satellites and space probes have gathered enough 
significant information in a particular problem area during the intervening time 
between experiment conception and experiment initiation on the space station. 

1. Astronomy 

' * 

An orbiting space station could provide an astronomical observatory that would 
greatly increase the angular resolution and extend the wave length range that is 
possible in earth-based observatories. However., some experiments on an orbiting 
observatory might require poiuting accuracies as stringent as 0.1 second of arc 
with photographic exposures for as long as one hour or more. Such stability may 
be difficult to achieve, particularly because of man's disturbing presence. 

A possible solution might be an unmanned astronomical platform ir. close proximity 

rr 

to the space station with a radio command and en optical data link between the plat- 
form and the MOL 

There exists a large range of astronomical observations that may be made from an 
orbiting observatory. The more significant of these may be classified under the 
following headings: 

a. Ultraviolet, visible and infrared studies of the planets, the solar di ,k, the 
sola, corona, galaxies, nebulosities aid interstellar gases. 
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b. Ultraviolet, visible and infrared studies at very high resolution o£ stellar 
systems and a search for planets of nearby stau. 

c. Gamma and X-ray telescopy* 

d. Radio telescopy. 

only a few basic instruments would be required to do all the studies listed above 
if man were present to make changes in systems and programs, change attachments to 
the basic instruments, align and calibrate. 

2. Biology 

A Manned Orbital Laboratory could contribute to the search for extraterrestrial 
life in a number of ways. It could serve to collect and to analyze the upper terres- 
trial atmor.e' ere for microorganisms, including such organisms possible in micro- 
meteoroids. In addition, a space station could provide a biological laboratory for 
the preliminary analysis of extraterrestrial sanples to determine if they display 
a contaminating danger before they are sent to earth for a complete analysis. Hod 
finally, a MOL provides an opportunity fur utilizing the unique aspects of the space 
environment to analyze the general relationship that exists between an organism and 
it, environment. Studies would be concerned with environmental effects on photo- 
synthesis, biological rhythms , metabolism, and growth and development of organism, 

as follows: 

a. > Study of various physiological systems in high animals. 

b. Study of embryology. 

c. Growth of organisms. 

d. Plant physiology. 

H>.t of the required equipment to perform the above studies would be co^on to 
that required for biomedical applications, and sharing of equipment would stamp most 
of these studies as bonus experiments. 
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3 Physics and Chemistry 

' Very few experiments suggested for Manned Orbital Laboratories in the area of 
phy8l cs and chemistr y are actually basin in tbeir nature. Tbe ferity of exper- 
iments of concern to tbe cbmaiet and pb y sicist are also of major concern to tbe 
space Station deader. Possible exceptions are o.sic studies like chemical re- 
action kinetics* surface tension effects, heat transfer phenomena, liquid-gas 
separation studies under zero gravity and pattial gravity conditions. 

4 Soace En vironment 

' It 18 anticipated that — satellites and space probes will have contributed 
significantly to tbe investigation of many present problems in tbe space environment 
area by tbe time space stations become operational. Many investigations, however, 

f mafi before the problems can be completely resolved, 
may requite the presence of man .etore P 

, , UonU that could be individually con- 

Also, It is possible that a number of experiments that 

ducted on advanced unmanned satellites would be collectively justified -or a manned 
apace station, ^eriments in this category include studies of magnetic fields, 
radiation, meteoroids and wave propagation phenomena. 

in. manned orbita l iaboraiory design constraints 

A. ARTIFICIAL GRAVITY 

The Manned Orbital Laboratory, like any other space vehicle, must t>e design 
within a large number of design constraints, and tbe design must be optimized for 
its purpose. Particularly since the MOL is intended to be a spa.e laboxatory 
full sense of tbe word tbs designer has to consider first tbe adaptability of any 
concept to the requirements posed by the experimental applications. 

several surveys of the potential engineering and scientific uses of an orbiting 

show that about half of all experiments require zero gravity, while almost 
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all the rest are independent o the gravity field. Relatively few applications 
call for artificial gravity. That requirement may arise primarily from man him- 
self. For man, the lack of gi -vity forces may cause physiological problem? and 
varying degrees of physical inconvenience. If earlier programs like Gemini or 
Apollo do not already indicate a clear need for artificial gravity, it will be 
desirable to provide the MOL design with sufficient flexibility such that it will 
be applicable for future operational use, regardless of the outcome of the zero 
gravity decision." This, then, calls for a "zero gravity" MOL which can be later 

converted to a rotating station if necessary. 

Artificial gravity overcomes the disadvantages of weightlessness anu brings 
the astronaut and all equipment closer to an earth environment, but the rotation 
necessary to produce artificial gravity, unfortunately, introuuces certain operation- 
al and physiological problems with respect to the crew and th , systems installed in 
such a station. Aisc, ix. the ar*.a of the on-board installed systems, rotational 
factors influence the design 01 such components as antennas, docking devices, crew 
and cargo transfer, guidance systems, and viewing the earth ot certain designated 
portions of the sky. Those rotational considerations are not overriding liabilities 
but rather must be treated with consideration and ingenuity in the conception and 

design of systems and their installations. 

The rotation of the station introduces various forces; the primary on o, which is 
the Coriolis effect on individuals, presents an additional factor to the environment 
to which man is not ordinarily exposed. This requires that man either adapt to this 
additional factor or that certain types of provisions be made to facilitate his 
activities in the space station. Man has a rather narrow tolerance zone in terms of 
rotational parameters such as radius and rate of rotation. The interrelations be- 
tween the rotational parameters are illustrated in Figure 1 , which shows the present 
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human factor design envelope for man. The tolerance limits which define this 
envelope have been established by many specialists on human factors, out are based 
only on s bare minimum of experimental evidence conducted under a different en- 
vironment from that which exists In a rotating space vehicle. The limits that 
encompass this envelope are the upper limit on the gravity level, the upper limit 
on angular velocity and a lower limit on rim speed. The upper limit for gravity 
leve. was selected as 1 g; the upper limit on angular velocity was set at 4 rpm, 
above this, based on centrifuge experience, vestibular disturbances may appear when 
the head is turned rapidly about an axis perpendicular to the axis of rotation of 
the station, the lower limit on rim speed was chosen at 20 ft/sec below which a 50 
percent change in apparent gravity occurs when a crew man walks at a nominal rate 
C* ft/sec) in a tangential direction rather than standing still - PsyohoiogicaUy 
a rather disturbing situation (Reference 1). Another limit, although not defining 
this envelope, is the minimum radius where the gravity gradient from head to foot fs 
not great enough to disturb the crew. That gradient should not exceed 15 percent, 

which indicates a minimum radius of 40 ft. 

All these artificial gravity considerations indicate that it is necessary to 

.< - »• " » “• ”• “ 
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launch vehicle payload envelopes. 

B. DYNAMICS AND STABILITY 

The additional benefits of st,..<on rotation for tbe purpose of creating artificial 

gravity are that, if the axis of rotation is the principal axis of maxima, moment of 

l * ofnM 1 i 7 ed To provide mass distribution 
inertia, the station will tend to be spin stabilised. P 

4 the conf iguratirns tend toward those 

such that the stability requirement is satisfied 
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of spinning discs, flywheels or long cylindrical sections (Figure 2). 

In spite of inherent stability, however, there are problems associated with 
the dynamics of spinning bodies. These originate from the "wobbling” motions and 
elastic oscillations produced by imposed d ^sturbances such as mass shifts created 
by crew motions and cargo shifts and external torques resulting from docking im- 
pacts. Undanped wobbling motions produced by such disturbances would subject the 
crew to oscillatory motions which, coupled with station rotation, could cause nausea 
and disorientation. For instance, an instantaneous motion of a man in a direction 
parallel to the ststionfe spin axis will make the axis move between tv.’o limiting 
curves defined by the station inertia and angular velocities (Figure 3). The re- 
| suiting wobble will appear to the crew like the rolling of a ship, in addition, the 
elastic response can further complicate this problem by producing excessive cyclic 
innings and by interfering with the station control. Therefore, the smaller cue 
amplitude of this motion the more inherent stability a configuration possesses. 

The maximum wobble angle created by an instantaneous mass shift is calculated 
from the relationship (Reference 2). 

’•'.ly 

-1 2 I 

a « tan xz 

*2 


whet a a is equal to twice the principal axis shift measured from the original position, 

I is the orcduct of inertia created by a mass shift in the xz plane I xz 0 f° r 
xz ‘ 

no wobble) . and I and 1 are the moments of inertia of the station about their 

x z 

respective axes. For instance, in an undamped system a typical 3G-£oct station 

would have a 13-degree maximum wobble angle and an apparent roiling oi from 0 to j 

degrees for an instantaneous motion of a crew man in a transverse direction 

(I <*4000 slug ft 2 ). i the case of a 150-foot station the situation is con- 
xz 

siderably improved, where the corresponding maximum wobble angle is 1 degree. 
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Considerable amount of work has been done on thu development of efficient 
stabilization and attitude control systems for Sfaro stations. Fc 1 instanci . 
can consider a combination of a wobble damper and a pul -,e- jet davping and orien- 
tation system (Reference 2). They complement etch other in eliminating vobn.ling 
motions and aligning the station's spin ax.s in roe desired direction. Sue. a 
wobble damper may consist of a spinning flywheel which can be r recessed tc provide 

reaction moments that oppose the disturbance toicues. 

The level of stability to be provid ed is * subject of optimization. Relative 
compart conn and trade-offs associated will the stability lev.ls are to be made, 
considering, for instance, .he amount of propulsion which meets these stability 
levels, system complexity, reliability associated with the , lability level, ar.d 
experimental end crew tolerance requirements. For example, it appeals to br much 
more plausible t. install astronomic.' equipment either in the immediate adjacent 
vicinity . f the s .ace station or on an internal Independent stabilized platform 

because ol: the precise stability tole raace evels required. 

About 25 percent of the proposed experiments require pointing accuracies to 
less than 1 degree, while about 40 percent require pointing to an accuracy of be- 
tween 1 to 10 degrees. Thus one can assume that a suitable station would have a 
control system capable of maintaining the attitude below 10 degrees, while the 
precise requirements of less than 1 degree would be provided by separately stabl- 

li-zed platforms. 

«. j„u _ lco he integrated into the overall stability system 
A mass control system might also be integrated 

of a rotating space station. As a logistic spacecrsft docks with the spsce station 

and praceeds to transfer crew and cargo to the space station, large amounts of mass 

are moved into the various areas of the space station, thus upsetting the sta y 

of the station. It may be necessary to install a ~.ss control system that would 
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transfer liquids (water, -trine, waste presets or fuels, to various locations in 
the station to overcome these disturbing maos transitions. This would assist in 
minimizing the penalties associated with basic stability and control systems. 


c, SUBSYSTEM CONSIDERATIONS 


The space station has a number of types of systems installed onboard to meet 
the various retirements for overall space station operations and activities. These 
include the environmental control and life support system, power generation and 
energy storage system, cogitations system, onboard instrumentation system, and 
various types of mechantcal systems. The technology to achieve the concept, develop- 
ment and installation of these types of systems is currently available and in its 
application appears to be, in general, less binding and stringent than that current- 
ly being applied to the Apollo lunar-landing program. Nevertheless, in the des- gn of 
such systems, ingenuity is required to achieve the optimization and etficienty 
necessary for onboard service, maintenance, overhaul and various other types of 

support activities to maintain a long operational lifetime. Current spacecraft 

„ . . , Avooiir, -re with minor exceptions, not 

systems such as those of Mercury, Gemini and Apollo a , 

designed for onboard maintenance and service. On the space station, if m flig 
service and maintenance are to be achieved, systems must be designed from their 
preliminary inception with this capability as a major design objective. 

With respect to particular systems, certain considerations must be given proper 
attention. In the case of the environmental control system, most of the components 
are now available. What is required is the optimization of these building blocks 
within the station in terms of the oxygen supplies, fan motive power to circulate 
the environment ensphere . heat exchange methods to provide the heating and cool- 
ing a. required, CO, absorption and regeneration devices, water separation tech- 
liques, water storage and waste management. 
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One area which requires development and implementation in the apace station 
environmental control system is the ultization of the C0 2 absorbed from the respi- 
ratory processes of the crew which can be collected and broken down into either water 
or oxygen for further use. This is a partial closing of the loop which is a step 
toward the ultimate environmental control system of a completely closed ecological 
cycle. Such types of systems would be essentially inorganically closed to start 

wrth, i.e., they would not attempt to process all the waste products of man and 

* 

regenerate these products in terms of food. 

The second, and more advanced approach, is the completely closed ecological 

system where all the waste products of the crew are collected and regenerated for 
use in providing oxygen, water and food for extended missions. This type of closed 
ecological system, although not essential in the MOL. could be evolved and utilized 
as time proceeds. Such a system could show definite advantages and savings xn the 
overall supply and expendables requirements for long-term missions such as the plane- 

tary mission or a long-time lunar base. 

In the case of power generation and energy storage, the space station req 

a large power source as the basic energy supply for the various k.nds of activities 
that take place onboard the station. It Is generally estimated that about 1 kw 
per man i. required. Various types of energy sy.tcm. arc available, and the current 
problem is to select the optimum system for the time period and activity that take, 
place in the station. Currently, various type, of static and dynamic solar power 
systems, nuclear power systems of the reactor and Isotope type, fuel cells and 
dynamic engine types are being evaluated. Each type of system has advantages in it, 
own area, time period and operational duration. The problem at the moment is to 
establish the «,t optimum system for a particular set of criteria based cn the 
launch date, the operational duration and the power level, necessary to auppiled. 
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The static solar power system technology is availe.ble at the present time. 

The dynamic solar power system requires intensive development and implementation if 
it is to be useful in the time period that has been suggested for the space station. 
All solar power systems face orientation difficulties in rotating space stations. 
Similarly, nuclear and Isotope power systems must be implemented with additional 
development funding and activity if they are to be available in the late 1960 pertod 
far space station utilization. Other power systems, such as fuel cells, are current- 
ly being developed for the Gemini and Apollo programs and could possibly be used 
for short durations, at least in the initial portion of the space station program 
if optimization criteria show that this would be desirable. 

One of the main problems associated with the solar power supply is that of 
energy storage. Inasmuch as the space station would rotate about the earth epproxi- 
sately once every 90 minutes and pass through the shadow of the earth where the 
energy generated by a solar power system would not be available, the space station 
must rely on its energy storage system. This means that over a 1 cried of time a 
great number of power cycles are imposed upon the power system in terms of power 
drain and power input. At the present time there are no batteries capable of with- 
standing such a large number of cycles for periods of time of up to 5 years, the 
ultimate requirement for some of the larger stations. Other methods have been 
suggested for energy storage, including the rotating flywheel, which also might 

be used as a part of the stabilization control system. 

Another area which requires ingenuity and Intelligent design is that of the 
various kinds of mechanical systems. These include the physical decking iacllities 
where the actual mating of ferry and logistics spacecraft takes place after station 
rendezvous. It is necessary to develop the best possible docking system to permit 
routine and automatic conduct of this kind of operation as early as possible to 
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achieve adequate, reliable operational support. Much consideration Is currently 
being given to the .setter of airlocks and seals at various openings and joints. 

Sealing and leakage is one of the most Important problems currently associated 
with the space station design. Leaks cause the loss of expendables which are 
expensively transported from earth by the logistics spacecraft. Mechanical and 
rotating seals and materials associated with these devices are among the potential 
leakage areas. These devices must be operational and reliable for long periods of 
time in the spice environment; the designer must be very selective in his choree of 
materials, processes, and finishes if the long-term utilization and reliability 

I 

necessary in the space station are to be accomplished. 

In the area of the data handling and cosmmnlcatlon systems, essentially all the 
building blocks of the system are available now. The main problem confronting the 
system designer is to optimize the systems in such a manner as to meet the rather 
high demands of bandviclth, data storage and processing. 

D. ENVIRONMENTAL PROTECTION 

The space station structure has to be deigned to provide for efficient environ- 
mental protection against radiation and meteoroids besides satisfying the usual 
structural demands. The metecroid protection problem, is of great Importance. Since 
large surface area, and long exposure times are Involved, penetration, may have to 
he expected, and In that case internal equipment has to be arranged in such a way 
to allow access to the walls for repair. On the other hand, equipment judlclou.ly 
arranged adjacent to the walls can provide for additional radiation protection. 

Radiation shielding requirements presently represent the greatest stes of 
uncertainty It MOL weight estimates because of uncertainty In crew tolerance and 


as 



insufficient understanding of the radiation environment. Shielding requirements 
in the MOL are much more stringent than those of Mercury, Gemini and Apollo, not 
only because of the much greater exposure times but also because the accumulated 
dose should be kept low enough to avoid masking measured physiological responses 
to weightlessness. 

The radiation sources that are Important to the design of radiation protection 

are: 

1. The naturally occurlng Van Allen belts containing primarily electrons and protons. 

2. Artificially created electron belts caused by high altitude nuclear tests. 

3. Solar flares. 

4. High energy galactic radiation. 

For low altitude orbits that lie below a geomagnetic latitude of about 40 de- 
grees, solar flares present no problem because of the shielding effect on the earth s 
magnetic field. For latitudes greater than 40 degrees, they are statistically a 
problem for long stays and can require substantial shielding. The largest recorded 
solar event, in terms of dose (July 14, 1959), resulted in a considerable particle 
flux at latitudes even as low as 30 degrees but essentially no flux at lower latitudes 
A spacecraft with 1 g/cm 2 of aluminum shielding would have received a negligible dose 
from this event at inclinations below 30 degrees, whereas the dose would hsve been 
about 200 r.id at inclinations a few degrees higher at a 200 nautical mile altitude 
(Reference 3). The maximum permissible emergency dose for Apollo astronauts is 
presently set dt 54 rad/year to the blood-forming organs and 233 rad/year to the 

skin. 

The galactic radiation creates a free space dose of less thai 10 rad/year behind 
a reasonably thin shield tf medium atomic weight material. For orbits below 40 
degrees latitude this ia reduced to less than 1 rad/year. 
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Because of such considerations as booster payload capabilities, launch sites 
and tracking station locations, the early manned satellites will operate considerably 
below an altituoe of 1,000 miles er.d will probably have an Inclination of between 28 
and 30 degrees geographic latitude. For the e conditions the only significant source 
of radiation hazard are the protons of the Inner Van Allen belt and the artificially 
produced electrons from nuclear tests. The Van Allen belt proton radiation Is lalrly 
well known, but for future launch times there Is the unresolved question of how fast 
the artificially produced electron flux will decay and hence how great a hazard It 
will be. Assuming a simple exponential decay one could predict that there would be 
almost no artificial electron flux by 1967, but satellite data show a definite 
tendency for the decay to be more complex, and that the flu* around 1967 may not be 
very much less than It is In 1963 Inside the magnetic anomaly which Is located above 
the South Atlantic off South America and which contributes most of the Integrated 

flux encountered by a low altitude satellite (Reference '»). 

From the standpoint of reducing the radiation hazard It Is desirable to place 
manned satellites In orbits which are at an altitude as low as possible consistent 
with the satellite decay period or orblt-keeplng requirements, since the radiation 
fluxes decrease with decreasing altitude below the Inner Van Allen belt. Because 
of desired life times from 1 to 5 years and space station size the air dreg eftoct , 
become appreciable. As an example, consider a MOL having a total weight of 50.000 
lb and a W/CpA of 15 lb/ft 2 . Figure A shows the Increase in propellant requirement 
for orbit keeping as the maximum altitude decreases, as well as the significant 
savings In total fuel requirements as the frequent of reboosts Is Increased. The 
necessary propellant will probably have to be delivered to the MOL periodically by 
means of a logistic, or resupply spacecraft. Thus the maximum orbital altitude 1. 
not only governed by the radiation shielding requirement, but also by resupply vehicle 

performance. 
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IV. MANNED ORBITAL LABORATORY DESIGN CONCHTTS 
A. GENERAL CONSIDERATIONS 

As previously noted the Manned Orbital Laboratory Is a space flight system 
designed to extend man's capability to live and work In the space environment for 
periods of a month to a year ot more. There are three classes of experlmerts which 
the MOL Is to accommodate: Biomedical research, engineering research and develop- 

ment and space science research. 

The first class requires that the MOL be able to carry sufficient medical 
equipment to determine and develop the techniques required to sustain man In the 
space environment for long periods without degradation cf health or performance. 

The second and third classes require that the MOL be large and flexible enough 
to be compatible with a wide variety of engineering and scientific research tasks 
which can profit fiom man's presence as an experimenter. This *»;• also Include eh. 
requirement for extravehicular operations, rendezvous, docking, fuel and material 
transfer, as well as space construction, repair and maintenance. 

A survey of the requirements listed by various blomed.cal groups shows that the 
weights estimated for the biomedical instrumentation are under 250 lb, that In all 
case, the total amount of power required Is less than 100 watts and that the volume 
of the Instrumentation required Is somewhat less than 10 ft 3 . This does not in- 
clude onboard centrifuges or elaborate psychomotor testing equipment. From these 
numbers one can conclude that the biomedical instrumentation required, with the 
possible exception of a high speed human centrifuge, does not provide a significant 
constraint on the MOL configuration. It must be stated, however, that a shirt sleeve 
environment will be necessary, as well as sufficient room to perform the exercises 
needed for continued healths 
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A survey of the engineering end scientific experimental requirement, shows 
that the average power need for each test is less than 200 watts, the average volume 
for the equipment less than 6 cubic feet per test, while the average equipment weight 
per test is less than 160 pounds. These figures essentially show that early payloads 
will be small and thus the size of a MOL depends more on the launch vehicle size, 
the schedule required to complete a given number of tests and the resupply mode used 
than on configurational restraints imposed by individual experiments. 

For several years the major aerospace companies, NASA Centers and the Air Force 
have been studying the feasibility of a wide range of space station concepts. Al- 
though there are many small differences in the proposed concepts a broad break-own 
into three basic categories is possible. These categories are the minimum, small 

laboratory and large laboratory concepts. 

The minimum concepts, in general, make maximum use of available hardware and 

are considered because they require the shortest development lead times and minimum 
resources. One successful launch would provide an Irmneciate capability for two men 
to spend on the order of 100 days in a zero gravity environment. Extensions in stay 
time and alteration of the concepts to provide simulated gravity can be incorpor- 

ated in a minimum concept plan. 

The small laboratory concepts require development of a separate module having 
life aurr-rt provision and room for appreciable experimentation. This module is 
considered a relatively simple development because, unlike the Mercury. Gemini or 
Apollo spacecraft, it does not require a capability for rendezvous or docking pro- 
pulsion, de-orbit retro thrust, re-entry, landing and recovery. The small labora- 
tory , launched by a Saturn I. Saturn IB or Titan TIT booster provides living area 
tor from 4 to 6 men and would be designed for at least a 1-ye.- lifetime. Sufficient 
weight margin may be available for providing artificial gravity when needed. The 

- nr«U cted on the use of separately launched crew ferry 

small laboratory concepts are predicted 

and resupply systems. 
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The large laboratory concepts generally require a booster of the Saturn V class 
and separately launched crew ferry and logistics systems. Such laboratories provide 
an extensive capability for performing a wide range of experimentation in space. 

These generally have a crew of from 12 to 24 men and, because of the major investment 
in equipment, probably would be designed for up to a 5-year lifetime. Although the 
large laboratory requires fairly sophisticated design procedures, it does have the 
feature of providing zero gravity and artificial gravity conditions simultaneously by 
means of a central non-rotating bub. 

The following is a review of the various concepts, highlighting their advantages 
and disadvantages and including a discussion of operational and logistics requirements, 

B. THE MINIMUM MOL 

Of the several minimal concepts proposed the Extended Apollo is an example (Fig. 5). 
The Extended Apollo consists of modified Corrtnand and Service Modules which would be 
launched by a Saturn T3. The Serivce Module would be rather extensively modified 
by off-leading propellants and providing additional life support stores and stabili- 
zation propellant for an extended stay-time capability. Although the Service Module 
engine is considerably larger than would be required to provide de-orbit retro thrust, 
it would be a proven and available engine and, therefore, would have a certain ad- 
vantage over a newly developed retro package. This configuration can probably provide 
a 100-day capability for two men to live in the Comnand Module. By launching add- 
itional Apollos each 100 days and transferring the men, continuous stay capability can 
be achieved. 

3 

The Apollo Conmand Module is limited in that it provides only about 360 ft of 

f 

volume for its inhabitants. Various alternatives have been proposed to overcome this 
lack of volume, such as modifying the Service Module so thac a portion could be inhabited 


or building «n Inhabitable module In the transition section between the S-IVB stage 
and the Service Module (Figure 5). 

Proposals have been also advanced to leave the S-IVB stage attached, subsequently 
deploying It by means of telescoping tubes and/or cables, and thus provide a rotational 
capability for the creation of artificial gravity (Figure 6). This configuration not 
only places the crew close to the rotational comfort rone but also provides for good 

rotational stability with a wobble angle of less than 1 degree. 

Of course, either of these latter alternatives would be such a major undertaking 

that this could no longer be considered a minimum concept solely designed for the 
"aero g decision." The basic advantage of the Extended Apollo minimal concept Is its 
simplicity and relatively early availability, achieved at the expense of non-optimum 

design. 


C. THE SHALL MOL 


The small M01 Is characterised by a 4- to 6-man crew capability. It has the 
attractive feature of consisting primarily of a simple Inhabitable module which re- 
quires no -ssemlly or deployment In orbit. In this concept the use of already de- 
veloped hardware is emphasised with the exception of the laboratory module and 
possibly some internal subsystems. 

Figure 7 shows a typical sero gravity MOL vehicle. It Is a cylinder of approxi- 
mately 2,000 to 4,000 cubic feet In volume and has a docking hub for attachment of 
manned ferries and resupply spacecraft. Most concepts show two compartments, one 
of which ha. especially heavy radiation shelter during periods of Intensive radiation 


i lux increases. 
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Like the minimal MOL, the small MOL is basically a zero gravity station, but 
most concepts are conceived in such a way that they can adapt to a negative outcome 
of the "zero g decision." In order to provide an artificial gravity field for the 
crew in the laboratory, the MOL and the expended upper stage of the launch vehicle 
are rotated about their common center utilizing a connecting system of cables or 
some form of rigidlzed structure. As part of the planned biomedical experimental lor. 
or as a crew reconditioning device, the use of an inCttrnal or external cenlniuge 

is being considered in the design concepts. 

Two launch vehicles classes are being considered for the small MOL systems. The 
fir»t is the Saturn I-Titan III-Saturn IB class, wherein payloads could v^ry between 




18,000 and 28,000 r ounds. The second is the Atlas Agena-Titan II class, having pay- 
loads from approximately 5,000 to 7,000 pounds. The laboratory itself requires one 
of the large vehicles for its launch booster. The smaller vehicles may be needed for 

ferry and resupply operations. 

The MOL and the last booster stage would be injected unmanned from Cape Canaveral 
into a 160- to 200-nautical mile circular earth orbit with an inclination of somewhat 
less than 30 degrees. Provisions would be contained for supporting the MOL and a 
two-man crew for about two weeks. Critical MOL systems, such as the life support and 
power systems, would be activated by ground command and monitored by telemetry for a 
sufficient time to determine proper operation prior to the initial manning operation. 

Regardless of the method of MOL launch, ferry and resupply operations are re- 
quired for any extended duration MOL mission. These operations are required to re- 
place the crew, provide life support and stabilization expendables, replace experiments 
and provide fuel or possibly propulsion units for orbit Keeping or changing. 

Crew replacement could be accomplished by a ferry spacecraft using launch. 


rendezvous, re-entry, landing procedures, operations and landing sites currently 
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punned and being developed for the Gemini program The application of an Apollo- 
Saturn ferry vehicle is also being considered which has the additional capability 
of carrying supplies with the crew. The choice between Gemini and Apollo ferries 

f v. f -'fpsentlv unresolved and will depend on the opera- 

and their respective boosters is presently unr 

tional requiremenca for crew replacement and reaupply. 

m the case of a Gemini-Titan II ferry concept, there is little payload -gin 

for logistics cargo; the latter could be delivered by a separate resupply spacecraft 

of the Atlas-Agena D class. This logistics spacecraft would be equipped with contro. 

, „ HorlHnc which are controlled remotely, 

and propulsion systems for maneuvering and docking whic 

la, enart.r, V ould be launched any time 
probably by the MOL crew. The first resupply spacecraf. wool 

within the first two weeks after the first two-man crew has boarded the MOL. 

carry about a 90-day supply cargo, thus necessitating a logistics launch every three 

months. To be fully effective, the craft with its launch vehicle must be capable of 

V1 ^ .. M0L on a reliable schedule; in addition it must be able 

providing consumables to the MOL on 

to accept some degree of emergency demand. 

Ihe requirements on the ferry vehicle are that it must have a round trip capa- 
bility and always be ready at the MOL for emergency evacuation. The frequency of 

, A^t rm rbe station experimental requirements. As noted 
ferry flights is quite dependent on the station P 

before, the problem of determining the effect of weightlessness on man's ability to 
withstand re-entry forces requires that the astronauts be exposed to re-entry de- 
celerations after ever-lncreaslng periods of weightlessness. In order to lay the 
ground work for future planetary flights, man's reaction up to a one-year exposure 
to weightlessness must he explored. This part of the biomedical experiment can he 
perfonned by means of a carefully planned crew rotation schedule, which may be the 

key feature in the ferry requirements. 


<*-« 
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For the purpose of illustration. Figure 8 presents a possible crew rotation 
schedule. The plan is based cn a four-man station with a one-year mission duration 
and five crew transportation launchings. After the MOL has been placed in orbit and 
its components adequately checked out, the first, ferry vehicle transports two men to 
the laboratory. Thirty days later the second ferry vehicle is brought up, and if all 
has proven well for the first two men the second will remain to complete the crew. 
Thirty days later, the third ferry vehicle with two astronauts would arrive and re- 
turn carrying one of the first crew members who has been exposed to weightlessness 
for sixty days, One of che astronauts on the third vehicle would tetum with it as 
the pilot for safety since it is possible the first astronaut’s exposure to weight- 
lessness might have caused him to lose his ability to operate under high accelerations. 

Ii the return trip and ground medical examination of the first astronaut have 
proven him to be in good condition the program continues as shown on the chart. During 
all of this one of the first astronauts has been kept in space the comp late time, and 
he would provide the total 360-day experience. Note tha* in this scheme six other men 
would have been tested at times ranging from 60 to 300 days in orbit. 

It should be pointed out, however, that although this crew rotation schedule 
permits the MOL with a one-year lifetime to gather a one year's accumulated weight- 
lessness experience it is inherently risky. Suppose that the man returning on the 
fourth ferry who has been in space for 100 days experiences severe difficulties on 
reentry; then it is almost certain that the original subject Int ended *or the one- 
year stay should be even in a worse condition, since at that time he would have 
accumulated 130 days in weightlessness. This diienr-a can be avoided by a more con- 
servative crew rotation schedule where the stay time data is built up on a progressive 
basis. This, of course, requires MOL lifetimes of the order of two years and a 


t 
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greater number of ferry launchings to eventually accomplish the one-year stay time 
experiment. This discussion points to the fact that a analysis o. 

operational implications and a thorough examination of the use of a centrifuge as 

an alt err ate method is necessary. 

D. THE LARGE MOL 

The large MOL is characterised by a crew ranging from 12 to 24 men and a require- 
ment to be launched by a Ss-urn V booster. The site ranges from 150 to 200 feet in 
diameter, and Internal volume is on the order of 50.000 ft 3 . Some typical approaches 
which have beer, studied to date, although in no way all-inclusive, are shown In 
Figure 9. For comparison purposes a small MOL is also shown in this Illustration. 

The large station studies have ranged from Inflatable toroidal concepts to huge 
stations assembled In orbit. The hexagonal configuration shown Is s station composed 
of rigid elements. It would be carried to orbit as a compact unit and deployed 

automatically. 

The major feature of most large MOL concept. Is that they provide for continuous 
rotation, thus creating an artificial gravity field. Non-rotating central hubs can 
be utilised as sero gravity laboratories. Radial spokes would be/areas of varying 
gravity fields as one proceeds toward or away from the rim of the station. 

The else of the station, the large crew and the varying gravity fields would 
allow the large MOL to function es a versatile space laboratory, and it could 
adaptable to operational growth into an elaborate orbital launch facility. These 
features, of course, are acquired at greater expense In development costs and time 

and in operational coats. 

One of the large rotating MOL configuration designs, which at the present time 
is being studied in greater detail, la the three-radial module type (Figure 10). 
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It is comprised of a hangar-type hub area and three radially^epioyed andules. The 
diameter of this station would be approximately 150 ft, and it wouj.d rotate about its 
axis of symmetry at 3 to 4 rpm. The station would generally be oriented to point its 
axis of rotation in the direction of the sun so as to best utilize the solar-well pcwei 

plane deployeo outboard of each radial module. 

The hub of the station would contain an envi ronment ally controlled area for service 
and checkout of logistics spacecraft, end a zero gravity laboratory would be located 
in a circular area below the hangar. The zero gravity laboratory would not be ro- 

T 

tated but would be mounted on bearings to allow for the relative motion between it 

and the rest of the station (Figure 11). 

During launch the radial modules would be folded down so that the axis ot their 
cylindrical areas would be parallel to the axis of the hub. The sequence of launch 
operations is shown in Figure 12. The space vehicle is launched with the space 
station unmanned and with a crew of six in a modified Apollo logistics spacecraft 
atop the space* station. 

After injection into orbit, deployment of the radial modules is initiated. On 
completion of deployment, the ferry spacecraft is separated, performs a turn-around 
maneuver and docks with the station. The ferry is then Lowed into the hangar area, 
and rhe crew transfers into the space station to activate the onboard systems. In 
this concept no extravehicular operations are required. Once the systems, are 
activated the station is then spun up to the required angular velocity. 

In general the large MOL and small MOL requirements for ferry and resupply systems 
differ only quantitatively if crew replacement is not strictly dictated by the bio- 
medical experiment. Certain aspects of the efficiency of usage of the payload 
capacity of large launch vehicles or tradeoffs between payload and rendezvous ability. 
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when coupled with the associated reduction in launch cost per pound of payload, max* 
a large terry an attractive concept., 

The development oi a resupply vehicle or a combined resupply ferry using Saturn 
I launch capability will reduce the total number of launches nececu.ry t*r large MOL 
support. A possible modification of the Apollo spacecraft to carry 4 to b men might 
appear a 6 : is shown in Figure 13. Effective support for differing MOL crew sizes 
and replacement schedule requirements can be satisfied by the availability of such 
a 6-man carrier. Full utilization and cost economies realizable vith even larger 
launch vehicles (such as Saturn IB) can be expected to generate designs for even 
larger ferry vehicles such as a 12-man ballistic re-entry ferry logistics vehicle 

or a 12-man lifting body vehicle. 

After sufficient knowledge of the requirements imposed by MOL design and 
operational characteristics is established, optimization of the design of both these 
large resupply ferry vehicles will take place. Eventually, with special attention 
paid to flexibility and reusability, a choice will be made identifying the particular 
configuration and size to best provide economic support for the large MOL. 

V. CONCLUSION 

It can be seen from the foregoing discussions that the Manned Orbital Laboratory 
could be che logical forerunner of many manned operational systems. Since it would 
be a very costly undertaking, one should drive toward consolidating the varied interests 
of the various federal agencies having a potential operational mission in space in 
planning for a single multi-purpose Manned Orbital Laboratory. 

The NASA and the DOD are now conducting advanced exploi-atory studies of a MOL, 
both in-house and by contract with industry. As planning progresses each agency will 
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appraise objectives, concepts, related programs, resources and future courses of 
action deemed desirable in the national interest. At the appropriate time, coordi- 
nated DOD-NASa recommendations concerning the implementation of the progrem vill be 
submitted to the Administration for approval and decisions on the management approach. 

The fundamental question which faces all at the present time is that of the pur- 
pose of a space station. Once a clear nrderstanding of the purpose is reached and 
basic feasibility of the ideas established, a more thorough evaluation of tne design 
concepts can be undertaken which would lead to a preliminary design and eventually 
program execution. 

The NASA nas a multi- facet study program under way to supply the information 
necessary to determine how beneficial a framed Orbital Laboratory program is to this 
nation and to formulate a proper technical approach once such a program appears de- 
sirable. The NASA lias studies under way in three major areas: 

A. Mission Definition. 

B. MOL Configurations. 

C. Logistics and Operations. 

The mission definition st* dies are being carried out to establish the experiments 
to be performed onboard MOL. To that end NASA had solicited recommendations for 
applications from numerous scientific engineering ar.i military sources and is present ly 
evaluating those suggested uses through various panels of experts. Since it appears 
that the biomedical experiments leading toward the "zero g (tecisior." will comprise the 
primary use of an early MOI., particular attention is being devoted to this area of 
studies. These studies as well as those in the engineering and scientific fields are 
to lead to a definition of the experimental requirements in terms of equipment, oper- 
ations, crew capabilities, logistics and laboratory size measured against relative 
returns. With au eye to the future studies of orbital launch operations are also 
being undertaken. 
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Following in close coordination with the mission definition activities are 
studies of various MOL configuration concepts. Under investigation are minimum, 
small and large MOL concepts. Various concepts are being compared for their effect • 
tveness to cope with the demands posed by the applications, design constraints, costs 
and schedules. From the great multitude of possible configuration concepts a smaller 
number will be selected, and eventually one approach will be chosen for more detailed 
investigation. These configuration studies are supported by studies of electric power 
requirements, life support systems, dynamics and control systems and many more support- 
ing research studies at the NASA research centers and industrial laboratories. 

In parallel with the MOL configuration investigations, feasibility studies of 
various ferry vehicles are being undertaken. This includes modified Gemini and Apollo 
ferries as well as conceptual studies of large ballistic and lifting body spacecraft, 
although it is quite clear already that the early MOL can use only modified existing 
spacecraft. Tying together all of the large station logistics demands is a separate 

study of MOL operations and logistics. 

The results of all these studies are being thoroughly analyzed at NASA Head- 
quarters with the purpose of selecting that MOL concept which satisfies the various 
demands of cost, schedule, technical usefulness, reliability and safety and preparing 
a sound development plan for the program. Since the Manned Orbital Laboratory Is such 
a baaic research tool for any future manned space operations, there is no question 
that, eventually. It will become a reality. The question is when and in what form. 


XXV -36- 


REFERENCES 


1 . 


boret. B. J. , "Optimization of Manned Orbital Satellite Vehicle Design With 
Respect to Artificial gravity," ASD Technical Report 61-688, Wright -Pat ter son 
Air Force Base, Ohio, December 1961. 


2 . Kurzhals , F. R* > and Adams, J. J. , "Dynamics and Stabilization of the Rotating 
Space Station," Astronaut ics, Vol. 7, No. 9, September 1962. 

3 . Saylor, W. P. , et al, "Spact Radiation Guide," Technical Documentary Report No. 
AMPJ.-TDR- 62-86, August 1962. 


4. Brown, W. L. , Hess, W. N. , and Van Allen, J. A. (Editors), "Collected Papers on 
the Artificial Radiation Belt from the July 9, 1962, Nuclear Detonation, j. 
Geophysical Research, Vol. 68 , No. 3, February 1963. 


LIST OF FIGURES 

1. Rotational Parameters and Human Comfort Zone 

2. Elementary Forms Considered for Rotating Space Stations 

3. Rotating Space Station Dynamic Response to Internal Disturbances 

4. Propellant Requirements for Orbit Keeping 

5. Extended Apollo 

6 . Extended Apollo MOL with Rotation Capability 

7. A Small MOL Conecpt 

8 . A Sample Crew Rotation Schedule 

9. Large MOL Concepts 

10. Three Radial Module Space Station 

11. Typical Radial Module Element 

12. Large MOL Mission Sequence 

13. Modified Apollo Ferry Spacecraft 



mmm 




PERCENT 


ANGUIAC VEIOCITY !RPM) 

• Figure 1 






1^51 

WMfev*-.- 

- W ' > ” * ;4 » . •• , •. 

. ' \ ' < //& ’• : ; 



£*: 


M 

\\T^ 

t 1 









«*■*' 




e-fcXIAL 


Flaure 2 









W 50.000 LB 


jW C D AM5 PSF 
.l. a 280 SEC— 


| ALTITUO 

m\m 




- - *■ »J 


■ ■/ •; t p.y'i i ji, -*i 

*■.; ;•• :i. K r [ 

*W'f ’■ vl 

pi- : - - . * ' . 

' ' xl 

' -V i ijiril 



. • 











A 

- 

< J t 


i • i * ■ 

• > . ■ 

. , i-f 

>>} . v . ■ . • . ,v '. A A ' j ^ 

K . 'iA ' .** 

- ~ /<- « 

L ' ■■■■4 • 1 

Figure 6J 


V."**-. - - J 



Life SUPPORT 
' EOUIPMtN'T • 


AIRLOCK 


4HiElD^G 


8I0M4£ICAI. 

INSTRUMENTAL 


Gp N T RO ^ 
SYSTEM, 




ROTATION SCHEDULE 


SAMPLE CR 


MISSION TIME DAYS 





MOM'IK TOROID, U SMCI STATION 


IHfLAIAVU STSUCTUSI 







YPSCAL RADIAL MODULE ELEMENT 








m| 



